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/HBp^t.-f ^^M^stw^-^s-rv^i?^?/ me®— 
©* i <d^»^/^ t . &®$k<r>; x/vi>*t>m&mi<D 

-i l"?mX V ^/il2 ©-f V^MS:Sttb$*5fc«><0 
*2 ©»j^/u* t $-^A/t?^5|gti)m-tSr^$-&S 
fg»«-*^#©t. 10 

fr^Mft^fkb. 

1E*1 £fcf**2©^:/^ft{£j;>?l^£;ft,5 Ks» hi 

^/w* t ffigB* 2 ©KSM/w;* t u WWtft^^ 
X^Dfc^^^«{c<t!?tfj|aia^^_h(c^ Ks/ hS: 20 
*J(W-**Ky h»j*^«fc«r«*.fc-f v^S^y MB 
®-s> K©K»2sgo 

2 ] SfcJSK 1 fBftcD-C i?* y MB®- 

*ffifcittflir*-sffi#*££«:, wib./X/v— ©-r v^a 

SfFlE^2(D^»^/WXSr x «&Bffi;fc»3-*&J*W3*-5 
Slffi, «tR««l*««H-**2fl|-9-i:, MiEffi^3 3 0 

Stria* i «m ^ftettti©^ $ t wie* 2 <omm 
ttriE* 1 ©-f ^ * iK etffl*> e> © p« =. x * ^ m 9 ttm t r 

<t«J*<, TR+3-Tm/8 (Tmlt @ 

gases' k ©»»§&&, 

3 ] 2 iE«©W V* s?* y MB®-?/ 

K©JP»^«-cfco-c, 40 
ttria-r >^ 0>akm?>mmzm$--rz>'< ©tfeKSrstfc 

«nt-*©»MW-f striae i©-f i^wsta 

$ mens 1 flm-onMW'f s v^<t ©b#h 

i©-f y?*ntUJo?-f ? y/i«E« 1 1*©!!^ 50 



>f V* y ME®-y K©&»26«. 
[1**315] »*«lBi©>f^i?*yhBft^y 

ttn %ji ur»rj- £ b mc, 

tWBWMr-*»£#«** mie* 1 ©^ >?makM<D? 

wmst, stfsaE^^rt©w^^©^/vA*/vy*a 
(-<t ^MSb©iifflT c *%m.vtci%m t utt*5?s 
t Lfcf s?* 5/ Ma®— y wmmmu* 

[It*3fi6] W#«2fE*©-f V^i^y hfE®-?- 

K©KSb^e-e*>oT, 

WlB&»{f-JH&dl- & , IfllBfK l©^>-^^ai:l±l©^ 

{ci SS»©J1WT c *#*LfcB*IB4: LtSfe^^t 
[S»*« 7 ] flt&g 5 |Ett©-f y MB®— y 

iwnE»»flr*»^#aB:» we* i ©^ >?mottu<D* 

W 5 ^^i:WIB*2©>r v^jsetw©^ 5 ^i©u# 
M^Sr> WIB— /wA^/vy*«tcJ: SfiiOlfT c © 

K©^Wj^Sc 

8 ] f!Nt« 5 ia*©W ^ y HWIKy 

K©Ktb^«-efcoT. 

WIB-f ©4hffi©SS{c^Sr-^-^.5^7 ^ — ^ Srtfe 

15* 1 ©-< ^^jKetW©^-f 5 b ffffB® 2 ©-r 

m<ft5t8ot, JWUBHJHTc© 

2) "r^i-^#©tS:1ix.fc-r^^i?^5/ MB® 

— 5/ K©^»^Bc 

/uMP^fj^v^MSretm^-ar^-O-^^^y MB®— 
y KCWfeffcot, 

%mmb.(oj x^frbm 1 ©-r v^^sretai$-&sfc* 

-f v ^ m J; t» ;*: # *«f 2 ©^ v ^ ft nfcfcH ^ * fc *© 

IB*l4fcl**2©-r^^ft(CJ;!3^$n5 Fybi 
0*#V*Ky h«r»J«L±Sfc-r$»^teW\ ttrlB— IB 
®^S8F*3JwWI3* 1 ©BK^ t WIB* 2 OKIb^VW 
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W&*>^n^*Wm-*Z>J^?*s=.y ME®— y K© 
[ft** 1 0 ] ft** 9 iE«©^ Is* i?* y V BE®- 

flwarab'-W'* z&Zi-r ski, 

t(l|B# 2 MnEE4ttB£*H L «>l&*K: «fc 

HI**, »»K««ISrfi»H-**2« 10 

^^©tfilESg i «-!§-© BBte*^ 5 v^to«^ 

TRJ;9g<> TR+3 -Tm/8 (Tmll * —T^U 

[IMBgll] ft3fc*9fE«©'1'^i^s' ME®— 
y KOWa-efcot^ 20 

iJrlE&lWWV^iSetttl©*-* $ V^ttfIlEfl5 2»^ V 

? mutton? * a^yt&mmmz. msmj3&&&to 

©^ >-;?©- frM.fr/vy &M\c£2>mM<Offl1®T c 
ftL/cBtlWi; l>T^«>-5^ ^5?i;/ MS®— 5/ K©^ 

[ft** 1 2 ] «$c© / X/Hf| p ©#* ^»JS VXWt 

X/w|gPd^>r>'^?S^ei:W$-ft-5'l' >?i?=y ME® 
— y K£M1?U X/Wd>£>i£tti£;}l,5-f ^fcifclJ: 30 

IWB**oy XA^feJR 1 ©-T ^igSrafctti^SJtfe 

©IB 1 ©raj^* t , ^m©yx/^e>*&f50i© 

-Y >yffi£ K>jz%tn's&2<D'( ^^MSrUfctti £-&&?£.#>© 

^©BWMtltar^v^r» MIE^l, »2©P»^ 40 
AS 1 2 ©IB8b/V^©VNT^-^©^jS^-r 

fie 

[ft** i 3 J It** 1 2|5«©PPJBiJil«-Cfcc.r, 
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4 

MiE12»«3g£#I9:tt, 

MIB^2©iB»)/VVX=Sr x ilttflaEE*ai^SrJ»KS*5 
#*£*SrJR*&T5il53flrS-i: Sr4>ft< i t>:lr-r.5^/^ 
flttflBjg l©-f>'*«8fcffl©*'fS lftflefl$2 ©KM 

^/w^©weJB i «■»©«*&* w $ y^to^M, 

MIB»i©-r^^«ettti^f>©^=^*^M»?^MTR 

«fc>?ft<. TR+3 -Tm/8 (Tmte, 
[IMt«14] ffi*«l 2E«©SWJ=£*-?fco-C, 

$ >ifhmmm2<D-< ^*»Bfctti©*-r $ ^t©^ 

W^^. OTIEffi^^rt©^^©- /WA*/wy=tfcJg 
[00 0 11 

t£Z>K%Z<D'{l/?m**tto-t2>'(>'?V^y MB®— 
[0 0 0 2] 

[^*©S0S] -f^i?*? hT'y PPJSiJU<t5 
t-rsiiil&{c5i*b-C2ei_h©#ffi^Sr^<cv\ #Wk© 

i^m#e>^fc Ks* h©^->- • *-7©{t-!§-K^5i^ ie 

gk^5/ K©#/X/HC± 9iE®|£#Ui— © K? h©^J* 
SrfiJ»UTV^ 0 IS®—?/ K±©«^:©/ 

i^^©^ v^?BdJ|E®*ft^©i5®!!K#:©^ffi(c 

t^oTPtm^4x5tv^5t>©-cfc^o >fy^idnt5 

JI^$r5S^-t-S*-^*P^»- i S£tf&©$g;3i£f?fO^T 
JBE^Sr*P^5^^^*^e>^^TV^S. v^ti.©^*^ 
XASr^fflLTt, yX/^SSd^-r^^Srafcttl-t-S-f 

[0 0 0 3] ^Err-C, «65f$<t»?, «fWfimSr*iii-<5yt 
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bZ>b. lo©i®?ji£r4X4, 8 x 8^©1ti&© Kj» h 
-OW^-rz> CiCio T fffflPgfi ©IB® Sr^lfl LT 
•5 0 4 x 4© Ky MJ y ^^"C 1 o<D®^Sr^-f- 
1 6HPM 7PgflE) -C»*Sr* 

5 btf>U E»Kyh 

5. WMS±©l«Ky hS^#VNt, ffiig^ io 

^©jfttttfeSSBStoJ: 5t-ft-5. ffiot, -fi^iS© 
m*£'>&< UTflE*-*-* Ky < -TS^-S^ . 

[0004] Ky bS«r/.h;S<"*"5;fc*>fc, 'fy^If 

BS55-1758 9^$6^{c|B«$tl-rv^ J: 

<t5Ii:T? > yx/w^it^^y^ftjgffi 20 
* H < ft 5 , IE® K y hSSr/h* <t5rt^ 
[000 5] IB® K y < fefrtf « ffiSttfiStt 

y hsojie^fcbfc/jNS© Ky h©*srJ8v*a»^ 

tt, ItOMPy h^fflV^j§£-©4fl£©fB»l$fffl 
*SrSfclil-t-5^fb«S[*Sr4ffiF^iiS»Sd\ S>5V<>ra:y 30 

[0006] -tr-e, in— ©y X/wd^Sftsms©^ 

TV*S («*.tf s *ffl#fF^5, 2 8 5, 2 1 5» 
«) . ^^Sftfftftt, — o©|E®JSJfflf*il;::i3V^P- 

bi 5 t bTV->5« 40 
[0 0 0 7] 

bi 5 fci"58l«] ttf|2<^#SB«©S«(c 

^©^^^^©etw^t^y h'<o&w>m&k 
<Dmmtzk\ ©^#^«fc$ft(tHfift^>ftv\ m 
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[0 0 0 8] *38Wtt, #^^jSSr«¥^"t-Sr 

i t ©■?# Z>4 y ME®—y KOHKttB. * 

©#8U *5,fctf r©IE®-vy K©«lbS1tt«rJBV''fcffl»l 
3 fc©-C£>6o 

[0 0 0 9] 

[«W«IBlW*fcft©*«a8J:tF*©ftJ« • 3b*] r 
tt, &©«/££&fflbfc 0 BP*,, #5SW©-f l^i^y 

•K X/i'Mofrb'f 

Asfrhm i ©f v^WSrsfctHS***:©©* i ©w»/< 

£fg 2 ©>f V « £ etffl $ -fr -5 fc © ©fl 2 ©KB&/-VV 

Si, IB®iii*^^bfc-iE®jilMrtT?SfIlS«-^!iJ^ 
yw^.© 5 *>©4>ft < i: t. — ^©^tij^/V'^Srjl^i-'SP 

1ESI? 1 ©Ktb^^w^ t litres 2 ©ffitb^ t Sr5SS^ 

b. mmm'^Mzf&tt^i/?m\^&K>mmmmtmft- 

[0 0 10] ^©IH^y K©*»SgWc»*i-SIB« 
— y K©IBt!)*}£©5SKtt. ^© -/ X/HB P ©«->* K 

xyFDIKyKonWrftl'JboT, ttiElggc© y X 
/v*^S 1 ©-T ^^?SSriltm$ itZtcttXDM 1 ©^»^ 

# ftS 2 >^i8$rSfcfil£it£*:©©S& 2 ©KHj^ 

b«:-|E®^»irt-e«&e#Bf6^/v^©5*>©^ft< t 
t-oWffiWj/V^Sr^b. lE^l*fc(4^2©^V 
^Mlci^^^ttS Ky ^J:•3>c#V^Ky hSr^b 
<t 5 t-rsit^-icttu &5IH-|E®ilM^{c:fltrfBS l ©IB 
tt/^w^ i: fitlfSS 2 ©^tb/^/W^ t SriliR b, 

[0 0 1 1 ] Vi7 Vzcy MB»^.y K©re»3S 

SftSS l , 2©-f ^^^{c^fjcSbfc^tli^V^© 
fH<D'J?f£< h t>— o©^tb/"?/w^^r^^b, ^©Igt!)^^ 

fe«iot> Sl©IE«)^VV^.tc^bT^$^SSl 
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XBf$.£i%Z,m2<D^>?ffilz.£2> bb, 

£xfm2<Ds<>?m^£z> b-y b h tmm *smx*> r> , 

4>ft< ttr©5*>©ro©K5' V^MBiri>Z.bX, 

* * k 5- h z> t 5 3 mt&±<o&m&ftt£ 

[0012] */c, d^.S'f ^ 5?* 3* MS®^5> Ktf> 
< i t tt5/^ i Lt^tS i: tWEJRl© 

j>?matmv>*<< sisfb. mu^2<Dmm^v^<D 
M&nim-%-<Dmih*'( mum 

<, TR+3 • Tm/8 (Tmli, ^^H^SKl 

Atft-f^iffifc b-ci-^r ft 

So 

[ooi3] -r^^oetuio^^^i*, -f 

Si < fttttf, ttw < < «: t) „ r crauflt 

& V vB m ZTH-r^ ~y?<DM.S.XCXL-o X f^Srg: ft 5 a> 

e>, flficrac^-f s >^-e»2<Digt&^/v^<D^iift^- 

LfcfaMvO^*-* (fllJx.fc^f'^mSfti*) 

?bMfE.mim-&<om*b*<< $.^sb<w%mm&-*s&-r 40 

[0014] iisr©^ >?xte*:<DWim-3.m.g.-t>m< ft 
5fst*i£<ft5/5>£>, H5i©-f i^fcnsfctu©*.* 
b m 2 <osms</ux <om 1 to^om* ^^i/pb^m 

[ 0 0 1 5 ] ±m<Dffif&\*. ^KO-O-^^Sretaufe 
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wm.x-w.m-rz> b 5 >^ <d*# ft»£ ufc t> 
to^jL*;\sy&miz£zmm<omwi&33&isxmw>ig 

bmm2(D^i >?ffif>tm<D?4 s. ^rbommm*. 

»©JS#lT c £T#*LfcB*|lO£ Lt«»5i iKftS, 
[0 0 16] W^^3W6©>f V^OH*«tt*#Jtbr 
f82<Dsf >!?ffi$:£.)8,i-Z>$g2<0/</\'X<D?'( 5 ^^Sr 
ticiij, ^2©>f ^^JS<0>c#$S-iW^<«iJ 
W-f-SridSpIIBtftS. ft*5. frfrZmmYi. -h^L 

*: ^ = ^ * ^.m zmm. i^tc$>m t mtzxnte o t 

[0017] H*^K)»^#«bfcMIE^ 1 v><< is?m 

[0 0 18] ft*5, ^V^OetWO^^^^^f^^CD 
M*ft b*<Dmtt<D£ikK J: •? *B» bfc^a-tcj*, -v/v-A 

«wi, *\z.&-3^x. mfs.f$Ko^f>^m 

±s^W)CD^fflTccD m&+i/2) m^b^-r^, 
rata^^-r<ftoTt>, -<^^^©fi*tti^m«(c 

[0 0 19] -ha^bfc^O^ v 5 ^-^ MBS^s/ K 

t^ims. ^A^PPBffifli, ^©yx/wpg 
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W«E**G> J Xfrfr hm 1 <0>f > 9 ft £ efcffl S * S fc» 

<om i ©ra&^/u;* t , x^kflria* i co 

e*i, » 2 ©B«^^©v^nt,iRw >*m 

Sretffi bJfcvv&\ StflE* 1 *fc«* 2 (OKtb^/w^<OV^ 

■r*t*»-*«>*wi-#-6A^ we* 1*5*15* 2 ©wwi 

1, *2<D>f ^^«(c»jKbfc#Ktfi^v^<ort(0^/jr 

*l©B»^/^fc#«LT»J«S4x**l<D>f ^ 

^5l2^y^»aSK$/ht, *l*5J;tf*2 
©*»^^^©W#K»jeLT»j*S*tS*l*5J:tJt* 

ft»j*L*i\ /hKyM:»«t«, rfLJ:0***K 
3s-c*£ 0 rote*. /hSv^^*Kt5K^hi, 

[0 0 2 1] fc*5, d^SBUBO^ttKJSV^Tt, 

^^«J»©>f >^<Dffl*IB»«TcS:#itUT, *1 
<Ds</Vxm-%km 2 t <D|fl«Sr3e»* z. t 

[0 0 2 2] 

J: 5 (-> = vt?^— * 9 Ofc^^r^^l 2 k*7 
—7})>?2 2k&m$tZfrX&V), :©nytw 

fr-TS C P U 8 1 £r *<i>tc, 8 0 K <fc t> fSSlC^S^ 
$*tfc&<D#^£^x.$ 0 ROM8 2I1 C PU 8 1 ~C 
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&^»»*ftb-C*5?K RAM 8 3 te> l^lb<CPU8 1 

V^ — ^^-f^8 4i^ ^^rttl 2^-^-Kl4 
/y^2 2^f^(DWA^fl5o CRTC8 6 

rau **ptib*crt 2 i^<om^m^mm 

U 7^^3>ha-7 (DDC) 8 7(t /n^- Kf 
>r^^ 1 6^7l/^;VK7^^1 5*>5VM*H*b 
4v^CD-ROMK7>f ^tora^r- ^ <D&g Srfgjffl) 
-T^o ^Kf-< 1 6fclte, RAM 8 3fclfJ— K£ 

[0023] :<dh*\ /^8 0dt v'yr/vAffl* 
^v^^— x (Sio) 8 8^5ga^gs4^Tv^5 0 :o 
SI088I1 1 8(Cffij|KSttT*50. ^fi^ 1 

8^Lt, <&*tlISlHlil6PNT{cSaKS*tTV^5o ^ 
ytV^90lt rcDS I 08 8&£Xf*y*J*l 8 £ 

/Vr^ FD^CD-ROMICJ: KU 3Vt e 

[0024] mzn&ftmmwvy? hv^Tomj&z 

ACIi, tr^K9>f^9 l^y K9>f»*9 6^5 

7A9 5I1 2^e>fflf«fcSrK*ii*. rfUZl 

^bTgffje^aSrflv^oolf^K^^^S 1 «r^b 
TCRTf^^/W 2 llCltt^ttV^o ^^r 
ttl2^?>M^MT^ORG(l #9— JK?*a> 

e>fs*te>tt, i/yK (r) , ^y-^ <o , ^/v- 

(B) 0 3&<Dfej^^>e>*5JS^9— HJ^-^OR 

[0025] roryy^a^n^^Ds^ 

^/^9 6^ Hj^W^^T^y > H y/n^7^9 
5d»fcStt»?K rttSr^y 2 2 ^aRrtB^ff -9* 

&ico\,^x<D&mt£ivtcm-&) KaeiftbTv^o H6 

K*bfc«|Ttt, >^y K9>f^9 6<DrtSB^tt. »P 
M^**^a-^9 7 feijE^e^a^g 8 t. 
feiiEf-^LUTi, '^—y 1 — y^i/a-^9 9 
1 0 0i^«x?>ttTV>-5 o 
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[0 0 2 6] aHMfca&H-S**— ^9 7»4* T7*y^— 
/< 9 6 5 r. t •5«HftAfcaElft-i-S«W**/t 

9 8 «fi«lf-^;HUTS:#ILoo, #W*iri 
H7'!)^2 2^fflt5v'7>' (C) , 

(M) * >f3ta— (Y) * y?-^ (K) <£>#fetf>x — 

-5 LTfettmSfrfcf*— *I4M*.W.2 10 

S?sl— Ate* Ky hSr^tfcUT^i-Sr iJ^B^y 
2 2T?d»a»5|!|fP«£*3i-t-3fc«><D^— 7 h — ^ 

*aa«r3WT^-5. *mmm-?tz. w&r&x5tz* ?*v 

is* 2 2;$s* =g-m*liov^T, Ky MeU 'J^K? YM 

14* If 1 0 OicX *)^V S9 2 2(c«5^-r^ 

If- ^JlE.C&^JtibtV-C* MW^Itf-^FN 
L £ LTm^^tvSo #HJ&0!lT?te* /!)>^2 2J4IS 20 
df-^FNLtftot Ky h*r»*-*-S«lRl**/ff 

— ^ 9 OfiilcOT'y Ky-f/^9 6"C»4* 7*yv^2 2 
^^C^fe/it'Sr* ^y>-y22 tcD^lRjaftcO^I 

tBSrfUffiL.Tr* yy K7-f'<9 6 fflrcme 5 <b <z> i 
[0027] b. /!) :s#<Dmmffif& ■y v ^22 

14* UMlc^-fJ: 51*:* »t!) ; e-^2 3iacrM 30 
P£8E§H-S8i#fc* ^ftP y5**— *2 4,c4oT=*- 
t^-r^3 1 Sr^'y7 i >'2 6©tt*iRj{cffi«t!i$-&5^ 
«i* y yv>3 1 fcJWfcSftfcfiP^y K2 8 «rV 
WUT-fv^oehWJSiWKy h»*Srff 5««i:, - 
*t6>©K»9*— * 2 3, yi?*— >?2 4, PP* 

^K2 8 *54 tfJftft^A 32t (Off •J§-CD J *? 9 8* 9 £ 

U3»j«ii§i*&4 oi, *Ko«ipiiii»4 oa»f><Dft#§r§ 

10 0 2 81 5-^3 1 =Sr7*y^^2 6 <£4tfi;£ [*]{*: 40 

t>y*?si *mM^m\z.m*-rz>mmtoz 4 1 * 

y i*e— * 24i ©Mlc*l*«>»«i'*/i' h 3 6 §r 
»Kfa:A-y 3 8 fc* y ^3 1 ©Jj^&BSrtfc 

m-rs^atitmr^ij-3 9^a><bfli/£***M:v^ 0 

[0 0 2 9] l©*t!) yv?3 1 K»4* H-fi^ (B 
k) ffi<0*— b y 5-^7 1 tVT> (C 1) , 7^ 
TV (C2) * -^-tfV* (Ml) , yy( Y^+i^if (M 
2) * ^fxn (Y) (D5-fecO-f ls?*SSLm\^tc*>7 — f 
>yffi*-hy ,y^7 2d5»«-5Itg-t?fc^ 0 v^TV*34 50 
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12 

u^r-i? v^<D2&(*:o^-cii* &&2mm<z>4 &m 

3LX^Z>Z.bfct£Z>. 3r^r y yS*3 1 ©TSB^PP^y 
K2 8{*H4^6ffi<0^f>^etfflffi^y K6 1 ^CVnL6 6 

7 (i5#i) #3UR*ftTV*5 0 H!)5-^3 1C1 
(Bk) ■i^?m<Djj— YD yi?7 lioi^y — f> 
^ffl*-hy-7i ; 7 2^±^P>8tt5t > #*-h 

y ys?.i:»tt&;ftfc»«?LK:*A*6 7asjfA3*u # 
l/pjj— Y y yS^ktfcttiffi^y K6 1 &v^L6 6--- 
co-Y v ^ coifed ssm t Z> o 

[0 0 3 0] H18f4* -O^ntmm^'y K6 1~6 6 t*: 
MM^J'ij' h^XANz*OiB?!lSr*i-|aWia-t? 

[iit56ffl©/'X/V7W^P)^oti5»)v 4 8t©; 
XAN z Scoy X/wfy^k ^^^gB^J^^r 

LTVn^o ft*S* #;X;W7Wl:t*llS4 8ioy 

XMzit 1 1 ^^-ia?lJ$^^•cv^^ ^ ^^^^4^< * —a 
=f,^(cia?y-f-tttf* «jt±. /X/vf 5 '^kSr/h$< 

R^ n <t v ^5 f U^**s fe^o 
[00 3 1] ±ILfe/Xyl.Nz^P>M >?<Dakm 
(4* ®J^IhI1^4 0*34rJ«f^> r *^»|HlfS5 01*14 •? 

Ufc 0 m^-t^X 51*:* $iJ»|el8S4 0<Drtg6J*H4* 
f^-^ 9 O^^cO^ffiPggilf^^tf^f 5 -^^^ 
gfti-^i-v^-^i-x («T TI/FJ i:v^5) 4 
3t, #87- ^©|E«SrfT5 RAM 4 4 #tf- 
^^awfcfeCOA— f i >'^*flE'»U7tROM4 5 i* c 
PU^*>f>/iSfiJWa54 6 t* ^®H18S4 7t* ft^<D 
PP^y K2 8<D#t°^ym^— ©^»ff-^Sr5S^$-* 

t* Ky h^ 2 5'->'7 f -^.*iJSIB$Hfc8]^x-^*54 
iWKSMf-S-Sr* ii!) ; e^2 3, *tDr^-?2 
4*J:t^tr*y**-f»»igK5 o (*:^Ht-r5fc«><o I / 
F 4 9 iSMlJt-cv^o 

[0 0 3 2] 3>f a - ^9 0^t>(4* *H?Jg^J-C»4* 

xyy^ k?y^ 9 6 1*:4 ►) 3Wk*aa*s^$ti-fc^© 

PP^f*— ^* J 2ie>*l.T< Scot?* fflfflm&4 0f4* 
PP^x-^SrS^s/^r 4 4 A,*:S^fc^* fp^-*y 

CtCT'-^SrJgML* *m§rI/F4 9Sr^UTtii^-t- 
*U4J£t>3<, to*"* avfa— #9 0*»feaS«*KSy* 

^.14^^ y ^ h^5£<D7*— ^-efc^^) (CI4* 
7°y>-^2 2(4* ©JI»[elB&4 0 f^t? 3^*0^3^ if 
=fr^5 ■*>©t-Tix(44V\ PP^t 5 — *I4* I 

/F43 Sr^L-TIHS^ilflrtSCcDgft^^ y 7 r 4 4 Ate 
Wx-btiZo &1B'<y7T 4 4 A(*iS^e>^fclE^- 
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9icMVX^^>- WWr&ftt>tiTfrb t P ||/<?7r 4 
7r4 4CKSMU IBtt^-frS. 

[00 3 3] \^fr<Dm&-Ch. tti*)/<V7T 4 4C{C 10 

8ffi©/X/vjisiiix.t>;ft,-cv - >$fc#\ -syKoi^ir 

4Ci:ffliLf!it, r©K? ^f— ^«r, 1/ 

F 4 9Sr^bTttJ73-f-5o Ks> h/^-Vr — 9 t Lt 

OWf-^i: bTfllxtf 2 fc*s> h-C«^$ttTfe!5, 

ro oj mvy hfcuc, ri oj tt/hKy b^dcfc, 
ri U OAK y hMl$.K, ^;h^*v*tJs£bTV^„ 20 

[0 0 34] C. ^Vi!'6l:M(D^^=XA: ^ ^ <D6fc 

5 States' K 2 8 ©F«igp©Sll&«|j*Sr^-m 
WEI. E16«, f3u/^PE©#«g|ct ^CDHt 

S?71, 7 2*5=¥+ y s»S?3 1 HI5{C 

3 1 TSBJ-fSitt fefU/fcHJ^y K 2 8 ©^fe^y K6 1 30 
*V>L6 6(c^d^5 0 ^*5, lOtoTl' Vi?*— b y ?/ 
i £ t-te, WSflM^r/fc J; •? V* £ 
#fi©^5- K6 l/£V>b6 6KW$\-rZ>W}i¥&n*>*lZ> 

y K2 8^«5^r-^S'7 p ^©^tJ:oV^T(illl^*5j;Ot 

[0 0 3 5] =g-^©^5» K 6 1 ftl^b 6 6 Ictt, &XWL 

*50 (EI8#flg) s Xfrmz.frD&'kMl'k bT, 

m^^cD-o-efcoTiS^^ffittfcf e 40 

asiBBSftTV^S. EI6 Jiffclcm^-rSJ: 51-, 
8KSH-3teBt-fSB£*vcv^ 0 fa/^PEtt, 

{c^i-«t 5 fi yss^f - p e &ms.(r>w%mmi 

-I'^iJ'iiE&e 8<o^afi4^3iy^PE<oitxi^[ciS; 50 



!&m¥-l 1-20 16 5 

14 

[0036] v^sm*&m^it'(>9m»ktii<Dmmz. 

fcfc, T9f-^— 9=*--y M 2 1 tSfti&a- 

= y M 2 2 ta^tttoKStvCV'.S. T 9 9 =>- 

=5-n2iii, f^ym-7-PE, 1 <ommt 1 3 

0, ^2CD^SC«-1 3 6, ^^-tl3 5fH« 
*VTV^o fg 1 WStSPW 1 3 0 te, iPS 6 ^mlSS©^ 

3§:£^1 3 2 (c^lRj-TS J; 5tfx/i ; fPEii@£J 

^e5K«)ll^l 3 4/JS^$ttt:v^5 0 
[0 0 3 7] ::t, ^'/^PEIi, »1©^IH5«- 
1 3 0 b\z£'9tzt>frmW)m<DT9<?~^—9&M}$ l V 

X&fifttk^l 3 2(D^fflSr^[«)^^rR)lc^L > #*P 
*^fc«^*S^S$^5i:#gUrffi73%^l 32© 

[0 0 3 8] 351<0^«-1 3 O^TSBIC^ltfe^fc^. 
^ 13 514, JEE73%^ 13 2 §r^-T b 
fcJP^, 0>J;tlil 0 0 /iiiC^nxT (Zr02) ttf 

-t-5Sf2©^95^-l 3 6 tBl©^SB«-l 3 OtcitJM 
®SrttJh$tLTtfIj^cDJE73^^1 3 2§^^bTV^ 

•So 

[0 0 3 9] ^ 135 2 © 

^SCWl 3 6(i, ^-t— 9-1 3 5 iHUSIL i?/V=-=T^ 

©t7 5 vf&ttMb bTfll^$i^-t:v^5 0 r.<o^2co 
^SB$fl3 6{CI4, ffiTJ^^l 3 2 tOK-C-T^^SK 
8&£#IJ&-r$-o<D3Ii§?Ll 3 8, 1 3 9*s^$tuT 

v^ c mmn nsit m^-rs'f ^^#t*&p 1 3 7 1 

BA'fMeM 1 3 2 t fr%R-*-5 9 , *ii?L 1 3 

912, yXn^PBPNz tffi^5l^l 3 2<omffib&m 

[0 0 4 0] Ztlb&Uttl 3 0, 1 3 5, 1 3 6lt, 
<.T9f-^—9^--y M 2 It LT®«>k;tx-^ 

So 

[0 0 4 1] )^{J:«tiS3.-5/ h l 2 2KoV^-Cfft?l3-r 
So M2 2I1 ^y^MPMSfil 4 

0, V^^/SStel 4 3, ;X/U/l/-M4 5* 
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16 



bbhK, &*)&±&1 3 2«<0— *l«fc>f l^ftfeltn 
13 7^ mt>ft%.m.l 3 2(D^«®J{C«y X/wpgON 
ztf*, ^ft-ejJ-tfiSttktvrv^. ^>?&ft$;a 13 7 

is, */i>&m<D4 4 i tmfi&*kg.i 3 2 

fcSrSNK-f 53ifflK-C*>0, ^r©»f®^tt^ffl?Ll 3 8 
4JfiJ*'<T-H»fc/^S< S*K X-yrjxklsXWm 

[0 0 4 2] ^fy^^«Mi 4 3 hi, Moffi&y 

fiSSSl4 0«l;> W v^^l 4 1 Sr^jEK-rs^WT? 
fo •? , / XA-§Bp 12 3 kmt%-rZ> J X/Ujgii?L 1 4 4 
fls&tt&tvci^,, -fi^^l 4 Hi, ID^L&Wv 

S?7 1, 7 2teit*aB*L*VW V^flEKteSBKSih, 

[0 0 4 3] ^frh4>9Wfcumj$.WRl 4 0, V 
14 3, X/WT'W- M45I1 # 

* (omimmm-? * ^^mmmmv&mm H6, i 

2 2£*j&L-CV^ 0 

[0 0 4 4] -©«cggcx=s/ M 2 2 £*&i£<D7 

y M2 14B, mm*?? * A'J» J $>&m#m 
<r>mmm l 4 8 (cij; 9 @^$HTfet) , E«ffl0>#~y 

[0 04 5] ±B©«U«fcJ:») x fi/^PE©Ii 

SSI 3 1, 1 3 4|10l£«ff£r^prLTm#£tt#H-5 
t N tf^SfH^PEtt, JR»LTJE;a#£Sl 3 2 ©ig 

f = l/ (2jt) XV" { (Mn+Ms 

[004 8] t-^tt^CD^^rfy^ T>X&C 

Tm= 2 it X/" { (Mn+Ms) Cn 
[0 0 5 0] £E*»^*1 3 2<£>&ffl£rV, <fy 

Ci=V/pc ! 
[0052] fc*5, mt)ft£.m. 132 ©WJtta V/5^f 

3 2^^ffi^SrPn*Pbfc 
t#«JE^?g^l 3 2<o»n«X^ic— 9rTSA» 

[0 0 5 3] e^^^-PE©«5{^#S{ci«5^-^ 

f <Dm$c-ent>tvz>fflWikm— Hi 



-20 5 -1 

Ci^ixiO m N , «tt^y/7^7^Cv 

-20 5 -1 

£5 1. 5X10 mN , >ft-^^Mn^2Xl 
0 k gm \ ^ft^^Ms^ lXlOkgm <D 
1 1 f « l 25kHz "Cfc 

0, tO|»Tctt8 m s £*££ 0 



J848 13 2 iS»gRi-S i . 13 2 F*J<D/±# 

^®TLT*al<D^r^^^l 4 1 d»e>JEE2tf8£S 1 3 2 
v^^«KAi-5« ^✓*^PEfc«W£tt#n:*- 

^y^}(jip^«tttiastt5 0 
[0 0 4 6] ^5t?, rOct oiz.ffi&£thtc(>?-i/ 
xyhEftffl^PP^y K2 8m /X/WNzi^^ 

IRtt mmTm) kv*J£o t>5— oft, JE*»4S13 

til (JISTc) TfcSo ^OEAMil3 2(0^/VA 
*/VA#WB8Sft f f*. £E*»dfeS[ 1 3 2 *>>f ©ffi 

3§£^1 3 2^»j*bXV^SIBl©«rtWl 3 O^fc'^ 
✓ SR P E * <0 »3p|. g J: £ »J 14 =* > 7 7 *f T v ^ £ 
Cv, /X/WMP 1 2 3CD-f ^y^^Mn, ^fy^ 
MP 1 3 7^t^y^^Ms JJciC 

(1) T^StbSo 

[0 0 4 71 

) / (MnXMs) / (Ci+Cv) } 

- (1) 

^*^©ltfi»a»ITm«Jfea (2) -e^^tL-So 

[0 0 4 91 
} (2) 

y^^TyxciimS; (3) T?^$tt5 0 

[00 5 11 

- (3) 

[0 0 5 41 D . K y Y (OJ&OLiomKt ' & Mnm<D 

^tb^^coy X/^NzOJ|gtbi8[^i:etta$^^>f i 
fx p E icmu-t Z> t , EA«^K1 3 2tf>3£!8 
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A^c:Jtxr^#<^«lJ^c:—r.^fc^flgt^5 0 bx-ii$ift{;L^*H-5 7 -yf-5 2, r©7j'f-5 2©ffl 

[0 0 5 5] fst^j|i^-PE|!:PPBr-fS^-f^©«JEE * 5~o©5 4©WA S 

©^A'^SE^tJ:!)^-^*^©^**!!**©!*, #Dg«5 3. 9 y^5 4 ©HlflSrT-J-ta ^-t 5 — y-|c^& 

©a£(e<fc5. fniy^f^ BP^T§^fc«ffi©^/W^ t5D/AfM5 6> XlftS^fcT^-o^flHS-fcbrat 

J#RteJSCT*»U ffi**4il 3 2 ©*»**»«"*• ^X?PEroflO*EJKMSlWMi-&*ffJttnMt5 

■5. mti&£Ml 3 2 0«PBHS**?-S«6\ *©aCYfc 7, #tt$ftfc«ffi«#K:^Sbfc«»^&fT*3fc 

#Ml»X*o< «J t bfct>©X;fcftI4\ ffi2l3g£^l 3 ie>cO«i*fcJ#*sg|S 5 8 bfrbmj8L£frX\^Z> 0 wiX. ^ 

2©^a©JS^cic#v\ ^y^ttftio^v^gi 4 1 ^ysiil BiMt^©^^**^©^?;*— * 

*»e>4ftl&*tt, ^-^^tefSi A/£Kfl2l&V\, - 10 SriaiibXSK t>©Xifc5 0 <t 5 fc. KIMt-g- 

tr3c^*-?-PE©#*i»«B?|KH!iff*t>*ts BE^)56 ©2£^i4, J T-ftfW*HaK4 O^feSltUiofcBf^©^? 

3 2©*a!©awis*ft*fc^t5i:, -r v^^i *-?K±*)&;fe£itiz> 0 t?=.^m?mW)\B}f&5 orau 

4 1A»W>^©MU > -Otm&n 1 3 7l£<fc 9$IJ 0 1 2 fcl^bfcJ: 5 fc, *JWIhI8S4 0 ?uy?m 

mzfix\^z.ki>*t>mz.-&t>-r. 2, 3, f-m, 7K^flto^L3js 

4*1 3 2©#»©»bfc±0JB»fcStt5£i:fc:;fc itfy-fey hflrg-Srgrtfc*. 

So f^V^PEJcRlPTi-saEE©^^^*^® [0 0 6 0] 013(4, l&X-tt ^/m*Wmm& 5 

— *;&;*©«j!3S*#< *5©r*s ^5-0^^0 «@K4 Oi»fe, »»«-§■©* A~- v— hSr^-TvKo 

/^y^fciorv^. 20 * i ©T ? — ^fi-s-t -t©^- ^{f-f§-©T KV-^fll-g-kaJ, 

[00 56] y^;*#;*#*iILfctt«»»&* f ^ny^f^-lMLt^ ^y^WKiiaKS 0 © 

aiy^PE^PPiPSJEESrlEjc-t-St (EMd 3) , ^t!) 5 llcfflASliS. 7*—* 1 If y h- b*»# 

5fe(-H16 SrfflV'>TSiWbfcJ13a^S-^v>TW v^j&SBtW 3Ebfcvv6* % HI 1 4 fci^-rj: 5 te, ?B ? ?fifi &m 

rr^o:**^ ^ arista ^=^^x*s^#< h«riiH£-rs»£-K:tt, tf^py^itii: 

«fll(c^rA/fc*tt OtfclSa) ^bf*^«lb*5<fc^« flWJbTfcjRlfy h©y*-*a-9*UJ;*U *©«, £ 

c tC^-T r i < /h $ ft W ^ £ ft 5. ©7*- y" SrteSft-f 5 T K V-J* «: y o y y- «-J§- 2 {C fa}}! b 

[0 0 5 7] El-hie* bfc»«?, ffiSlSffi SIS t7 K^«*04V»L3 i LrHJ*t6. y*y51 

(EHJdl, d2) ©^ffc^cj&bX, Ky hSSrSfcffc 30 -©^ n y^"fi#2dsa**ftfc^W $ y/?7 K 

iflSX£5 0 bA>U SSWXMz ^f^I^KO, SltKofc7 ! -?^©7 KW-x 

fcT'y V^Xte, Ky hfe{!lPSb'fi#©jft^S:M'fce>* K*t&tf. T Kl/^flfftO &V^b 3 © 4 try h©{§ 

Z>MW*?rt£o r. t (4, 4£«>xfflltxfc5 0 -fc-X, ;£ -§-&©x. ft^ci 65ffiJS©^/v— h£r^») 5 l 

^■Cl*, 5 &^©— o©^Vw;*{f A,*:^ |S«-t-^r i^Xt-So &*S, y-©*_h&©tTy h 

»«-)§-Sr/B;fcU ^©ft-i-tcJESbXIsp^x-^Srffliti- «U bX/BV^P>ftXV^ 0 

SiiXs ^c/hKy F5rMLt^5„ rw^MSJeoV'' [0 0 6 1] #7K^A, B, • • • ~-<D^/V—U— 

XMz$iWrZ>o h©K*^7Lfct, 7K^B4i7Fl/^0 4 

[0 0 5 8] E. ¥^/m±M8bM&kMM&3LL*^ l^b3 KW^ftS *8J©y"«yy-«*2|;:«fcy, 
J6^JXJ4. mmi&mt Ky h@t©K©i©«t5^H« r©TKl/*Bte»j£bfc;*/w-w- ^a5Sgl©7y:f• 
^;:g-3v^X. Ky h«©*Svv>Ky hSrJ&fc-TSfcft 40 5 2 <t >)««f$ft5„ r©^ffiX, JSk(c^ a ^•ff-f- 
©^tb&^t, Ky hS©*#**Ky htr^-rSfc 3^tti^J^ft^t, 'JB 2©y y^-5 4©tb^Jtc^l ©y 
»©|g»Sc^©2ffipS-ffl«bXVN6 (@1 l#flS) „ y^-5 2<DMt>mm£irtcm*. ^2©yy^5 4(C 
Pt^)'ft-^©*v^(c:J:5^:/^©-r v^«©^©^(c:o ^$ft-5. IP*>, El 1 3 fc^bfcJ: 5 fc, -I7Ki/ 
v^x«. IWKilS*©^©^^*^*^-*. *«-§-tc*fjfcbfc;*/V'-v- h*s»iRSft*4:» ^© 

[0 0 5 9] *-f, 0 1 1 bfeiffi»©IEti)«-^^4 «L ^as/^m-^-SSrS^S*!-, »2©75'f5 40 

^■rs«l^^cov^xIftK•rs. 1211 mtj^ ^©^;u-w-h(;tor*»t5. tk^ 

tf:t>'*^«tt@»5 0fcJ:9£j*£ft<6. Si 2 B|ct&^$ftfc^./i'-l/- htt, WWWATafcOi 

14, i©f^y^lBWJlHjB9 5 0©rtaJfiU*^-r^P JEAVltf:»tf!J£«r_h#-r$r tt^jeSbfcttir^oX 

f&5 0©^g|5{CJ4, 9m®»4 0frh<Dm-**2tttJ6L<* 50 ^-^©^(CitJ^^ftSo 
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[0 0 6 2] m 1 3lC^Lfc#jTM3:, TKi/^ACIt 
ofc«tt, £©«EEAV2"fo*EEtt«TLfi 1 < riC 

10 

[0 0 6 3] ±3«Lfc*ttKJ:9«iPIH»4 0*»feTK 

HMI*t**tS#^R:ov^B 1 lSrfflwcK 
Mt5. WMt*tt, -o<oE«BI*te»jcSbfc 

IB«US#lfc:*5V>T, < ftiixm l ^k*2^ 

WltVm^b^^-M (Til), f^tfiVP 
SO^DiB-C±#b (T12) , t^lfiVP^ 
JWIBfcttlMP*-* (Tl 3) o ni'+fi'Xttm 20 

1 Of fitfiV L S ^T-£(Z)^ia-CTI$ t (T 1 

4) , «B«ttVLS*JJf)fe#IB«rflW^* (Tl 

5) o JBl^/V^<D«BEHI[f4, *0>« % S^tftVPt 
T?— jeo^B-CSV-hWb (Tl 6) , S*«#VP£r 

BfKi»n«rtliJ»i-* (ti 7) 0 ^om. Si^;m 
litratttVmit- ^<D^BB-eTI$-r5 (Tl 8) o 
[0 0 6 4] 3tef/^T12^t c x^p 
EfcBI*PS*t»fc, tfx/*?PEIifEA»4tl32 

fcjEJE«r#£§*5. 30 
PI 2 3d>g>tt9_h£S«e M^Tl 2<D«{fcf£as 

«fcj8V*Ttt*«^*T 1 2fcT-f v^M^etttjsn 
4V^«iM^Tl 2<D«ffiglSrKJ£b-CV^5o 

%:^£5\z.TcSL±<Dmm (:©MK«wTci3iw 

[0 0 6 5] ^SS^/^T 1 2T?ffiD±d5 0 fcy 40 

/Vhv^v^T 1 3^Si*PS*tTV^SRI, -fv 
*£>Sj536;fcfc:«fc OjgJHTmOfiMrtV X/VfflP 12 3 
ft^kMZ>W}$\z.feTZ>o fti/^Tl4S:PPJDt5 
ttf^^^PEIiJEE^^l 3 2St»WS*S*IrI 
fcfcfo** £EAJ84ai3 2rtfcj|fl£*ftC5 0 
JEl£<fc£/X/WKlP 1 2 31*935— ^-X^cDgftt 
tt, ±lH(Dj^»|TmO^»j(cma*^T, jt 
yX/i^BBPl 2 3(OrtlS»^*<5l*ai4ix-5o 

^^^dVX;i/«pl2 3©ftStli:^3# 
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/h**»«^^^T 1 Acom&A-eh * ; x 

^HP 1 2 30rt«BKi*:#<gi#atfri:^-C#*. * 

*&l/2 ±IB(OJ:5*^^*^o9l# 
^^SEbTV^o 

[0 0 6 6] *~X*xmi%&&tltz.fcffifrb3En/< 
«T1 6dS33aDS*L*fcJBE^*^ai 3 2 {CjE&frft 
4Lt^^^^x^y X/UBIP 1 2 3j&>e>ffl!0 Jha*5 0 
r^tt, ^^^^li/X/l/iP 1 2 3oraf-*l 

^t/^XTl 6"efift®^tufc^^.^^7X<D@^-^t!]§r 

»*.*fc»<o»ii^<^-e*)5. ®»TcoB*Si»ias 
y X/upgp 1 2 3<ottiP^rRi^5^^ $ >-^-e 

X/v|gp 1 2 3<oftg&— fcrRjfc*s*fe«^^T 

[0 0 6 7] Jfclc, m2s</VXKo\,^xm.W1rZ> 0 

(T19) o ^2CDftffim^VLL^-C—* 
CD^lSE-CT^b (T2 1) , t«VLL^£W 
«»j»J*i-» (T2 2) e r<D»2^/^<D*ia«{fcV 
L L »1 1 /^^Oftfiift V L S <t 9 tfiV^ 0 ^b 

JB2^/v^o«ffiilttt*>:«ffivp*-r?— £<D4ggB 

-?_h#b (T2 3) , **WfcVP*0fje«PlB«rt-|i«f 
(T24) 0 ^<D&, m2/</lsXtetpmmi$LVm$i 

-?—m<D*)mxT&Tz> (T25) o 

[0 0 6 8] Wcm'Vl'X T 2 1 «rf=PiP"f & £ , StfS6(0 J: 
5te£E#»&*l 3 2WcAff^c t ^^^^|j;y 
X;v|p 1 2 3©rt»fd3l#ii*^5 0 f&U #c«'^ 
XT21 Otfii^, ffi 1 ^^^©JWt/^V^ Tl 4(D 

m&mx v t>/h* < «u&*-5 - i -e, J& 1 ^^fcj*-^ 

T^^7^^^;X;l^lP 1 2 3(Df*9^l£;*#<3l#& 

[0 0 6 9]tt^T2 3dSff*PStb4i:flE^*^ 
il3 2 fc!EJE}##£bT;* X/V»P 1 2 
3^5>ffiD±d5^o r.co^#, X/i^p 
1 2 3<Drt«tC-ttb«^g|#3i*^3&V^ll8-e, jEJEEzfr 

/^^OM©JS:i/^T2 5 1*. ftI/V^T2 IS 
T 2 3 Xfibm £ *tfc ^ - * # ^ H*SSi 
Sr»*.*fc«>O3tt«^^^T»*>0. S»ITc<OH*St6 
tc<}: X/wiP 1 2 3omP^fpl(CfR]^ 

[0070] mi'</i'Xkm2s</i'Xb&i£igtisxmtR 
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Jlsfmi Pmi^ fllt±©Sff|lll-ttifcf#t8 
rklcJ:*), Ks> h*»j*SttS 0 Bill: 

£\ IB 2 ^a-* trm ✓ p e co^ba^s* # v * 

p s fcjt^r**v^ 0 z.<DX5\z:'r>*m<DfitfmBaz. 

»ttb*dsfe, *«Kc/h**>f ^^JdtrtttfflU 

So **J6«-eH:, r<DJ:5(cbTHl 1 <£> 2 *»HoJIg 

[00 7 1] F. ^^»^(OfiBi:l2/^<0^^ 
* K#JK LfcW M^ttffl k US 2 ^/v* fcSWS Lfc-f 
■^#*3», *l^/^k*2^^kfcJ:DaBKUT>f 

<*S±5, *~*#*©irart£#*l/r, *l ( S&2 

Rw-rso Bi6», *niteffiic*5rts^/v^aRfc 1 

ffttciliR 0 1 k g 2 /^x Sr^Ji 

J»*ttfc % W^ll (Hl«IW5ng) 

fc#i-**Ky h^V-^fiS (*t«t?B2 0ng) 
(DJt*f4/£*S9. StjmtcflBfltK? bff<Dprae*BHS:H 

-m. rfi^y^iia^^>y^j -efc^isi 

!8**S*l«*OM*&^>f 5^^J T?*>&JB2'^* 

^i/^T2i©Mtow^, r (g 

^^Btfiifl»Tm0 1/8) J £*5<fc5K:*- 
/WK/^Tl 9 0l*raS:KfiLTl^5 0 
[0072] 017, B18H IlI»JI^(t^^ 
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22 

^fti, «tt#l*IW&*L-CV^ 0 H«t'OfaF#7 0 7tt 
y X;l/|P 1 2 3cDPgnB£r^U yX;l/lPffi7 0 7 
©T*^yX/UR|P 1 2 3<Drt«fcffiSLTV*S P *fc 
H*0>ftilft7 0 8 tfM~^;fr*O^{&£;^LTl^ 0 b 
fc^oT, El*tf>ftiS&7 0 8<D&»<Dffi$ (*5HH0 

0 8 ©B-Cko t«* t 5 ±*fc»*t5-o 

[0073] iai7^, ^l^v^sr^aatHJiPbfck 
o 4 testis ur>f^^«d55tasixa 0 gp^>, -<om& 

ftoTftta^So ^£>t£> ^^^l^yX;HPffi7 
7 0 7i:^otM^^ ^j7 0 1O^yX;V 

|pa7 0 7icmo rr-e»io>f^^«fttmcD^ 
>f ^ :^a>S>i**!l 7 0 1 *TND&3fii*|iB2s 

^^^^^;X;^Pffi7 0 7SrjE^ WtlOft 

#>6 0 oso, *-**x\*umm&&z'rz tint* 

Z>o IStM— *#;*aVX/vWPB7 0 7tcS£l**9§r 
70 9ttS^, WP*07 0 1 ^6WP*!J7 0 9*-C©fiia 

ftra^M ^<oa««««}|i!Tmo#a i / 2 -efc 

6o 1**97 0 31*, mKOsOfmnktitik* 
VL#M*:kt£&#4 > b-?h*> , -1**17 o ia>bi**J7 
0 3<olgia^Mfiy^^*^<oH^rfiiii«MBTm(D*9i 
/4fc*fUV\, 1**07 0 212. yX/vPlP 1 2 3^<B— 

iRi^5^^*^«>3*fl[^**i:**i**d7 o i tmm 

7 0 3 COJitf *ffl<^i**!|-C& t) . ^17 0 1 
*0 7 0 2©fiift«pRI«^^^*^<OHJfirfiiftja»!Tm<D 
»1/8»C*UV\ ^*l)7 10f*, ^F*lJ 7 0 3 k SfllS^ 
*0 7 0 9 <Z>«ff ^ MOI**S-C*> 9 . ^F*iJ 7 0 1 d^^F*!l 
7 1 0<DSiS^MttP<^^^^<O@^rSiil^»3TmCO#5j 
3/8fc»UV\ 

[0 0 7 4] 0c(cfKi^/^ic§|#Dkv^rlR2/^^«' 

^r*ij7 0 2©^yhT rjEEA»^Sr»«**S*l 
1B^r<omtb^-f $ Tfc^W^^T 2 1 (OPPJP 

J: 5121, Wb«#*rKj£LTi*S 0 -o^p*iJ 
7 0 2{c*5it^^^^^7^c0^^fi, ^^^^7^^Jg 
4^J:W^^^^tt^v^^yX;HiP 12 3^ 
lSj#iftoTV^4fc«> % g2/^^fti^/^T2 1 
i^X V X/ismn 1 2 3rtg|5(c5l#^t o 

ki"Sf^ffltt*B«Stt. ^^^^7^(0^7 0 8 
ii**ttfi«S*t*o -^>3!S*, 3S1/VMT2 3<^)PP 
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5 0 mi 8\Oo^xm^n-^7 o 6». r^i^ 

[0 0 7 5] Hl9fc, r»2/^0»m*0B» 
l >K/w;* i fg 2 J: 5 efcW £ ft* >f ^ * lilo 10 

0 l3&*t>7 1 Ot"C^LT, >f ^l^^tHttSrffl-W 

mHa-^OMibP'f 5^*#*I7 0 2ttifi£ Lfc£# 
f*«20ngt4!), »2/^©*lffit©H«* 

x&&*m&\z.utmvtcbz<D<<c>'?mmmi (5 + 10 

=) 1 5 n g|C*rificLT^< 0 a*(c, 12^011 
m^-com^^ 5 ^Sr2£< Lfc»frt>. -O^iSM 20 
^ttfp«®«i-So w*U*. ^=^^^dVX/w|8p 1 

(D&tt^A-;* T 2 1 9.* X/Pgflq 1 2 
3rtffl^§l#5it>5 fci-*fc«>i#*.e>ixSo Ell 8^ 

M!)WTR) + (*~*#;*B*fi»JS#lTm(D3/ 

[0 0 7 6] g. ggft[j]g&5 o-<Dwaem ; &t_hf%93 bfc 
Bi 2 otc^-riiiB&s oAia tfcwtg 

rfc^o ^^ffitbEIK 5 0 A 0!ISr, El 2 0 40 

fcS^i*TttWi-a 0 r.OB«iai»5 0 Att, ^5/K2 
8©#/X/W£»jcSLTv'7 h^^9 2 5 3 A— 2 5 
3N, 75/f^2 5 4A-2 54N, l/^V7^2 
55A-2 5 5N, 2 5 6 A-2 5 6N, 

t 6 m>y^^2 5 7 A- 2 5 7N^e>«fi£S^TV^S 0 
^x-*fS> (10) , (11) ^<D#P<, #;X;^ 

h l/v>X * 2 5 3 A— 2 5 3 NlcA* £ *t£ 0 
[0 0 7 7] gp*> N X/W#<D_b#tf > h-Cfc^tf5/ 50 
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Y 2<^r-^^V7 h Wi^^^ 2 5 3 A- 2 5 3NMV 
y T/Hi3S6S^fc«, X/i^otf * h 2 co^- 

^W:9iyf L S* J f-2 5 4 A- 2 5 4 NIC <£ ? 

T?fc5tf 5/ h 1 <D*r—91fi*s7 h l^v?^^ 2 5 3 A— 2 
5 3N(C->y T/Vte^$tt^ 0 

[0 0 7 8] *Lt, WxtfTtP^^fati 
/££jft£#*^s>^iS^2 5 6 A- 2 5 6N(ciPfc>5tT 

^ br-^^ r 1 j mmm^r (com) asf 

x^2 5 7 A-2 5 7NI^Eg?TOSil, %t\Z^/ 
t^2 5 7A-2 5 7NttB»«-g-OfS-g-JKJgfci£C-C 
^fi-r^o #^^f^2 5 6A-2 5 6N(C 

ipto^tr^ hr-^^ roj com^te, #tf^>/*^2 

5 7 A- 2 5 7N^©B«i«*»43IS»fS^ ^t: 0 ^^ 
T-2 5 7 A- 2 5 7 NtelSfEroW^^-T^o 
[0 0 7 9] Z<D\B]&5 0 A-Ct>, KiSfi* (COM) 

^l^/w^^J:^2^/w^{c < }: /.hStt-f^iKi 

[0 0 8 0] JBl^/W^tt* Wtll»5ngO/J^vW 

^ h€B*s#e>*tS 0 *2^/v^tt, BlKSLfeW-C 

*1. *2^^**«bTaiiRStt5ii: 
(5 + 15=) 2 0ng^#^^ffi 
*etUlS*t. *#4Ky MS*»6>*tSni;f4, «1H 

[0 0 8 1] H«*«fcHtm K^ht»*L4v^ 
«K^^ (KMttl) > /J4^ h©*»JE*-r«» 
^ (PWISffi2) , *K^h*»/«f«»fr (^ffi3) 
03^-V-C|afi|!^S_htCiE«K^ h 3 

(00) , (01) . (10) <D£o\z.2\?y Y<r— 

[0 0 8 2] /hSVW^^«i(D*S:etffli-*/JxK^ ho 
HSPMI[2©ifr&W:. M^I?2 5 6lC»lt, ^1 
'</uxft*km*m%l£TtX r 1 j SrfWtoU JB2^yw^ 
TOJ SrTOp-Ttttf. ^l^/V^O^Sr^o:^ 
^2 5 7(c«nitm5o o^O. WWI2Sr 
*-T2tf^ b^f-^ (0 1) Sr2tr>h^-^ (1 
0) \mtR (r^K) "T^r ^{cj:«9. Il/V^O 
^^t: 0 ^>/^2 5 7fcH3*Pi-Sr i3W"T?*, *K^h 

[0 0 8 3] I^^JC, KSJxfc2 tf^y ^ 

(11) ^Miyfi^2 5 6lc4x.tHl I1^;m 
XtWR2^^3Plf3:>^*^ 2 5 7{cPp*P^tu, 

x vumm.±.K^2&<D^ >?m*mrtxmw\^. # 
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25 26 

ftV^JKKy h<ommmi<om&&. 2\£yh s ?—9 (0 >f ^ ls?mW^®Ll 9 l-CttiMHrVlH 9 4^fcA* 

0) Sr*^y^*^2 5 6fc*;Uxtf, 5 £frfc®^-*t;iS<5V^ S V^lElg^g 1 9 

[0 0 8 4] #2trs> Yco^y*—**^ yf*f2 »«#K3eniK4 7KtH*i"S 0 «ff -^1£5£[§]&&4 7 

5 6*l^*.5*#«i*Kov^, *tJ£i-* 0 *i\ H:, rcD##Sr^t)^Ay-t?. »2^©*Hlt(OB 

lllA/^7r4 4Cfctt, fiJW[HK4 BKtDfa-K 5 v^ftfl=«r*j£U ^cDlfffftS: I /F 4 9 £^ 

a?*ufc2try h©HJ^9*— * (di, D2) *se*s*t Lr^>^*^JB»iaK5 0teffl*i-s«*©^^5^ 

TV^ 0 r^-e, Dltt#l^w;*©3H««-§\ D2S 10 ^£rf9S-r5o Lfe*ot, fltflMAti: J: 9* m2*<A> 

9\t. -iB»ffl*irt^|B»^^ K2 8<£>#y X/M£*tJ£ Tl^S 0 ft*5„ SMciaSi? VIM 9 4 ^SrK«t> 

tfc^yfif 2 5 6^i?>Wo *#»Ktt % IB 5 V^*^(D»eSr^T«»@K4 0«^fT*5±5 

#SM*5lt5 l#aoyX/WC0R]^— (Dll, [0 0 8 8] 122 2te. fcS-f V^ SrSUB Lfc^y >^ 

D2 1) . 2#g<OyX/V<Df=P^7 f — ^S: (D 1 2 , D M*5^T. MS^lSt, 2 5U 4 0^^^^ 

2 2) OJ: Sl-^bbfcii^ i/7hv^^2 5 3i: fc#^(D;rf ~x$xcdW)% ^t^@-efc 9 , 

tt, ^ / X;HCOV^tOf 1 ^^IWftf D 1 (Df- >* «M*tt^M**-r o BW9 0 1 

? (Dll, D12, D13, . . . Din) frpxiy 1 Stl^ltS^^^^X^ftTfo^ ^9 0 

^ft^fcHWlLTVy l^fll^LT. 20 2, 9 0 3l^2 5t, 4 0TOlt5^^^^O 

yX/H^oV^TOjB2/^^atf5ft-*D2(D'7*— ^ (D ^ft£r^: LTV^o 

21, D22, D23 D2n) ^ — W%M9!l [0 0 8 9] Z<DM<0'C *<0*ifl«n&tf fc<fc 9 

rt^>7M/^^2 5 3l^f^ 0 ro^Sr, W!c*Z>9>< 7<D4 l/? 9 . 

Ell 1 OfiTSlc^LTSol^fco ttttdSffiT-t-Stt«S:*bTV^ 0 1 Stilts ~ 

[008 5] ill \c^\_sfc£ SWt-r-5K»^ ^^fi9 0 1fl 2 5tm^^^^^^ 

/w*£3&££i*:5*-f ^ >^(OKf^> MSKIBMj^/i^Sr #9 0 2Kit-<T, >f ^^M©lSfe#tt^J: 

^*^2 5 4fc*^LTB*S*£. 7^^2 5 4 30 fiHtt, ftKi/^Sv*. 3E(cH^rSS6<oSSb^»JTm(i:«E 

OEP^x— w</Vv-:7^ 2 5 5M<fc 9#JE§ttfc »ffiSt<Oit^ < t9fi<*So 4 0tl^lt5^ 

m> M^fif 2 5 6^Lt, fx/^2 5 7fc ^^<DSfi901li, 8fEg5S«:d s «^i"*fc»> * 

[0 0 8 6] H. «2SaftW: ftlc*«Wg>«2SfettW ± *?J:^^*^<DH*«»fc 

Kov^T. ttW-*-* 0 *2*Jfc«©HJJ»BWH:, ^(D^ J:S««tt#fc*S<*5. 3EJc«HBH*«»<o«JHT 

ft*/*!** Illl»j^«Xfe6c #2**«W*#1 mtt«««tt:<OiteW!iJ:0«<*6 o 

njswi:ft*a^tt, ^i?*^ hm»m<n$t^iy [0090] roj:5^ :7*y v^^i^^^a^ 

K 2 8 (D»«5i&£fc:j£ &T\ m 1 '<Af*<D<{ V^WftfcfcH J; V ttttdS** < 3Efc>5 *>f :A*M ^ "t?*>5» 

^i:«KSSr^tt5^-efe^o 40 ***<»fr*-ftfc«>, fl/^^^IttfflO^ 

[0 0 8 7] 02 1H ^2^W»it^/y^2 ^V^i. »2^/W^©» l«#©IW»^-f 5 v^i: 

y^22d «a»iaK4o*j;r5tfin^*^raKiia» a*ia«(cj: t)^#<ffi3t^prtett^fc5 0 m2^/u^ 

9 1, jaae-feVlM 9 4^ADtMl 9 J:0«^=^*^5S**s»b^S^6>-cab5o 

3^rffi^^ 0 fflftt 1 9411 PP*^3> K2 8©JB [0 0 9 1] ^r^^ r 5 Lfc^f V^ SrfflV^c®^^ 

H<oaKSr|fttiJ-r-5-fev9-e*>-5o ^©»«tyf 19 IS, 0 2 2 bfc J: 5 * 2s</vx<Dm 1 m^-coW 

4^, >r v^(oeta<osttsssrSi*bfc^9^— ^ t *6^-r^^^Sr. 1 5 < c^c^v^T^*^|J9 o 4{c, 25 

LTS«ia«Sr«imb-CV^^ ilcfcSo r<Dia«irV < C^^v^r tt«F*J 9 0 5 ic. 4 0t:(c43V^fS^iJ9 0 

tl94-ei^StifdiSr^^H ADM1 9 3 50 6^, tVN5«t5^ «JHMKJ:orTOi:t5. ^ 
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27 

i ft-»©HW6^W 5 ^KKifcl-ftHtAvv, r ? 
try 

[00 92] I. «3^f8: ftK:*38W<PlS 3 

[0 0 9 3] 132 3 1*. IH2 2|ll«i^ to^J^t^m 

Wc7"y ^{cssv^t, atgejaaw* 1 sx:, 25^ 4 

[00 9 4] El 2 3 Lfc£ 5 r©*i£0!J-e 30 

^^/^©mff^cDPBM*^ v^Sr, 15t 

K^rtsiit^jg 1 4 tei. 2 s'Ct-^Tiii^ijg 1 5 
4 ot;ic:fc^Tf*Bt£'J9 i 6fc, tvN5i5f-flSta 

mmm.mz xzm 2 <£>■<{ >?ffimm<o$£fc 

fit, WiMMS5»c**^Lfc*JorSVN|Bfc , q-SBi-r*r. 

[oo9 5] j. m4mmm: mc. *&W(Dm4mM 

T^toTVNS^(c:^®:^*i-^ 0 m2 2, 2 3I^L 
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X * CD @ t!) CD W T m t CtS 5 * — * * * © * $ * 

oT, ^2©-* ^^©afcfctl©^ 5 ^j/Srdco^/i'A 
t), af2^/^fcjcSC-Cqtt±J^n-5^ V^McomS^HT 
[0 0 9 6] 12 411 a>5>f ^SrJBV\/fc» 

©eta^T^©*^©^^*/^ &M\z. X 5ig»© f 

2 2fit2la]I©f-;?£, if9 2 3 
fit, 3 0@©tf- ^Sr, ^9 2 4t*4lH]g<Ot°— ? 

^:©^Tc(0 («^+l/2) ffiftbT*31t«, 
[0 0 9 7] rco^*, ^^^^^CO^/WA^/W^*^ 

<^St-LfcdSoT. »2©^>'^^coetW»^'1'5^ 

2/^©gHlW^?y^j:0!l2©^y ; ?« 
[0 0 9 8] K1Ji*^Wcovn< o^coHJg^J^oVNTIft 

^aJ^c*5v^T. traiy^ri, fe^stft^-sicDPZTSr 
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29 



30 



[El] *»W©*J6«tei8ltS tfs^lf^omHIHS- 

[12] *^K<D^JBlJ^fi©«lB&«^®-C*>5. 
[EI 3] 7*y K7-f^©«^Sr^"t-^t3 

5. . 

^■rtft^@-e*>s« 10 
[n 6] f^y*^-<D#«i^«t»?-r^^^ e ta$H S 

[18] ^JSW^ttSEP*-- y F2 8{-*3tt^yX/U 

[19] tr^v'^tcjp^.sKSift-^t-rvifJBoettti 

[no] immm-em^tcyv >*22ft 

U(om%mmwL*m^-rz>-7vi??m~£ibz><, 20 
[nil mt>m-%<D&wimz.-o^x®,w-rz>wiwm-v 

[11 2] ¥x.sm*mmm&5 o(D^m^m^-r 

[113] ffitb^/v^cD^cOjimSr^-riaPl-efc 
[HI 41 *r-?m^*m^X**:*) 5 1 KX/U—U— 

[015] ttW^tb^/h-OCD^^^M^ffl^PJ:^ 30 

a t co mm z^-tm. m m -e *> £ c 

[Ell 7] *3a^/v^(cJ:?>>r>^oetaSrfi : 3fc5«^ 
[HI 8] o©^/w^^J:D-f ^OfttaSr 

[hi 9] m2^</u^<omim^<om^^ ^^ir 

[H 2 0 J IB 1 ^«<DSe»«fc*5«-6 trat^Btbia* 

[H2 1] *ftw<om2mMmiz&ttz7v>?<Dft%& 

[02 2] *2llJlt«|cj3it*p«=^*^<oaeifl:S:«-r 

[023] *&w<Dm3mmm\z.te{fz>*~**x<D& 

[02 4] *»MO*4*Jfc«|C*5lt*y^^^<Z>* 50 



1 2-^^r^-^ 
1 4...:*— tf— k 

1 5-7^^;l/K7^^ 

1 6 Kx-f 
1 

2 l-CRTf^^/W 

2 2 -^y 

2 3-HR2&9*— * 

2 4---3r-r y yi^e— * 

2 6— T^t^ 

2 8--f >-^ftfcttiffl^^ K 

3 l-*^y 

3 2-»f^^/U 
3 4-jStftW 
3 6-l»^h 

3 8-:/— y 
3 

4 o-wjwiaK 

4 3- I/F 

4 4— RAM 

4 4 7 

4 4 B-W^7r 

4 4 C-|±l^y77 

4 5 -ROM 

4 7-*8Jg[§HS& 

4 s-mmm-^^m^ 

4 8 A-Vn«-»tt«[ilK 

4 9 - I/F 

5 0-tf=t>fj||-fJB«iaK 

5 1 

52-»l©7^ 
5 3-V7 h V-v^^ 
5 3-JPlHB 
5 4- -^2(D^^^ 
5 5 — W</U->;7^ 
5 6»-D/A«|» 
5 7 -SB 

5 7 A— 5 7N-fx/^ 
5 8-«EE*B««B 

5 9 -mmmm& 

6 1-6 6->f V^ftfcttJffl^^ K 
6 7-»AfF 

6 8 ->f^I» 

71, 7 2— f v y s>S? 

8 0— 

8 1 - CPU 
8 2 - ROM 
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8 3 - RAM 

8 4-A#>f 7=^4 * 

8 — ^ 

8 6-CRTC 

8 8-S I O 

9 0 — aVlfat.— * 
9 1 —If t** K9-f 

9 5-7yy^-Va^P^7^ 

9 6- -^y ^ 

9 7-»«t£^JMri^-/W 

9 8-feMlE^v^ — 

9 9 - -/n— 7 h — V^E-i^a— /V 

1 0 0 — 9** 9 -ft? 

12 1 ■ -T*^^3i— 9*-—v h 

l 2 2-Wm*.-y h 

1 2 3 — J X/wWn 

1 3 0-$lOiW 

1 3 2-£EAX£S 

1 3 4-JS»mffi 



32 

1 3 9-»il7L 

1 4 7, 1 4 8-«fl 

•AD» 

2 5 3 h l/^^ 

2 5 4N-7 5/f^ 



13 5 
13 6 
13 7 

13 8 

14 0 
14 1 
14 3 
14 4 
14 5 
14 6 
19 1 
19 2 
19 3 
19 4 
2 5 3 A 
2 5 4 A 
2 5 5 A— 2 5 

2 5 6A-2 5 6N-^yf*^ 
2 5 7 A— 2 5 7N — Ifac^JH^ 



II] 



[03] 



3£l 



m. mi 

(*F*h) 








PfflM 
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Abstract 



PROBLEM TO BE SOLVED: To widen a range of a recording dot diameter more by selecting a first, a 
second driving pulses in one recording cycle when larger dots than dots formed by a first, a second ink 
drops are to be obtained, and driving a pressure generation element by a driving signal including the 
selected driving pulses. 

SOLUTION: A piezoelectric element circuit 50 controls a waveform of a driving signal in accordance 
with outputs of an address, a clock signals from a control circuit 40. The driving signal comprises a first, 
a second pulses discharging smaller or larger ink drops in a recording cycle corresponding to one 
recording pixel. The first pulses are selected singly, or the first, second pulses are selected 
continuously, whereby a small dot diameter, or a large dot diameter is obtained. When the first, second 
pulses are continuously selected, a small ink drop is discharged first and a large ink drop is discharged 
thereafter while a carriage 1 1 is moved in a main scan direction. A scan speed of the carriage and a 
discharge timing of both ink drops are adjusted in accordance with a distance between the carriage and 
a paper, so that both ink drops are brought to the paper with the same timing. 
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CLAIMS 



[Claim(s)] 

[Claim 1] By operating a pressure generating element prepared corresponding to each of two or more nozzle orifices 
The 1st driving pulse for being the driving gear of an ink jet recording head which makes an ink drop breathe out from 
said nozzle orifice, and making the 1st ink drop breathe out from said two or more nozzles, A drive signal generation 
means to generate a driving signal which comes to contain the 2nd driving pulse for making the 2nd bigger ink drop 
than said 1st ink drop breathe out from these two or more nozzles, With a driving pulse selection means to choose at 
least one driving pulse in said each driving pulse within 1 record period corresponding to a front record pixel, and said 
driving signal containing a this chosen driving pulse When it is going to form a larger dot than a dot formed of an 
element driving means which drives said pressure generating element, and an account 1st or the 2nd ink drop A driving 
gear of an ink jet recording head equipped with large dot means forming which chooses said the 1st driving pulse and 
said 2nd driving pulse into said 1 record period, and forms a large dot on said record medium by ink drop according to 
both driving pulses with said pulse selection means. 

[Claim 2] A pressure generating room which is the driving gear of an ink jet recording head according to claim 1, and 
capacity is reduced according to deformation of this pressure generating element, and increases fluid pressure of ink It is 
open for free passage and prepares in an ink path to said nozzle. Said drive signal generation means While forming as a 
pulse which has at least the 1st signal as for which said 2nd driving pulse expands said pressure generating room, the 
2nd signal holding an expansion condition, and the 3rd signal which contracts said pressure generating room Time 
difference of timing of said 1st ink drop regurgitation, and initiation timing of said 1st signal of said 2nd driving pulse A 
driving gear of an ink jet recording head which it is longer than meniscus return time amount TR from said 1st ink drop 
regurgitation, and is defined as time amount shorter than TR+3 and Tm / 8 (Tm is a meniscus proper oscillation period). 

[Claim 3] A driving gear of an ink-jet recording head equipped with a detection means are the driving gear of an ink jet 
recording head according to claim 2, and detect a parameter reflecting description of ink which participates in a degree 
of regurgitation of said ink, and a timing modification means which carries out adjustable [ of the time difference of 
timing of said 1st ink drop regurgitation, and initiation timing of said 1st signal ] for initiation timing of said 1st signal 
based on a parameter detected by this detection means. 

[Claim 4] Said detection means is the driving gear of an ink jet recording head according to claim 3 which is the sensor 
which detects temperature of said ink as said parameter, and carries out adjustable [ of the time difference of timing of 
said 1st ink drop regurgitation, and initiation timing of said 1st signal ] to a long side as this detected temperature serves 
as low warm elevated temperatures. 

[Claim 5] While opening for free passage and establishing a pressure generating room which is the driving gear of an 
ink jet recording head according to claim 1, and capacity is reduced according to deformation of this pressure generating 
element, and increases fluid pressure of ink in an ink path to said nozzle Said drive signal generation means time 
difference of timing of said 1st ink drop regurgitation, and timing of said 2nd ink drop regurgitation A driving gear of an 
ink jet recording head made into a means defined as time amount in consideration of period-of- vibration Tc by 
helmholtz resonance of ink of said pressure generating interior of a room. 

[Claim 6] A driving gear of an ink jet recording head made into a means defined as time amount which is the driving 
gear of an ink jet recording head according to claim 2, and took into consideration period-of- vibration Tc according time 
difference of timing of said 1st ink drop regurgitation, and timing of said 2nd ink drop regurgitation in said drive signal 
generation means to helmholtz resonance of ink of said pressure generating interior of a room. 

[Claim 7] It is the driving gear of an ink jet recording head made into a means to set as an integral multiple of period-of- 
vibration Tc are the driving gear of an ink jet recording head according to claim 5, and according [ said drive signal 
generation means ] time difference of timing of said 1st ink drop regurgitation, and timing of said 2nd ink drop 
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regurgitation to said helmholtz resonance. 

[Claim 8] A detection means to be the driving gear of an ink jet recording head according to claim 5, and to detect a 
parameter which affects a degree of regurgitation of said ink, It is based on a parameter detected by this detection 
means. Time difference of timing of said 1st ink drop regurgitation, and timing of said 2nd ink drop regurgitation A 
driving gear of an ink jet recording head equipped with a means which makes adjustable said twice (integer +1/2) period 
Tc as said ink became is easy to be breathed out. 

[Claim 9] By operating a pressure generating element prepared corresponding to each of two or more nozzle orifices 
The 1st driving pulse for being the drive method of an ink jet recording head of making an ink drop breathing out from 
said nozzle orifice, and making the 1st ink drop breathe out from said two or more nozzles, A driving signal which 
comes to contain the 2nd driving pulse for making the 2nd bigger ink drop than said 1st ink drop breathe out from these 
two or more nozzles is generated. At least one driving pulse in said each driving pulse is chosen within 1 record period 
corresponding to a record pixel. When it is going to form a larger dot than a dot formed of an account 1st or the 2nd ink 
drop A drive method of an ink jet recording head of driving said pressure generating element with said driving signal 
which chooses said the 1st driving pulse and said 2nd driving pulse into said 1 record period, and contains a this chosen 
driving pulse. 

[Claim 10] When it is the drive method of an ink jet recording head according to claim 9 and said driving pulse is 
generated, The 1st signal which expands a pressure generating room which capacity is reduced according to deformation 
of said pressure generating element in said 2nd driving pulse, and increases fluid pressure of ink, While forming as a 
pulse which has at least the 2nd signal holding this expansion condition, and the 3rd signal which contracts said pressure 
generating room Time difference of timing of said 1st ink drop regurgitation, and initiation timing of said 1st signal of 
said 2nd driving pulse A drive method of an ink jet recording head which it is longer than meniscus return time amount 
TR from said 1st ink drop regurgitation, and is made into time amount shorter than TR+3 and Tm / 8 (Tm is a meniscus 
proper oscillation period). 

[Claim 1 1] A drive method of an ink jet recording head which is the drive method of an ink jet recording head according 
to claim 9, and is defined as time amount in consideration of period-of-vibration Tc according time difference of timing 
of said 1st ink drop regurgitation, and timing of said 2nd ink drop regurgitation to helmholtz resonance of ink of said 
pressure generating interior of a room in case said driving pulse is generated. 

[Claim 12] By operating a pressure generating element prepared corresponding to each of two or more nozzle orifices 
By ink drop which is equipped with an ink jet recording head which makes an ink drop breathe out from said nozzle 
orifice, and is breathed out from this nozzle A printing data input means to be the airline printer which records an image 
on a record medium, and to input further printing data which constitutes an image and which has a gradation value for 
every pixel, The 1st driving pulse for making the 1st ink drop breathe out from said two or more nozzles, Within a drive 
signal generation means to generate a driving signal which comes to contain the 2nd driving pulse for making the 2nd 
bigger ink drop than said 1st ink drop breathe out from these two or more nozzles, and 1 record period corresponding to 
a record pixel [ whether based on a gradation value of said inputted printing data, neither of said 1st and 2nd driving 
pulse is chosen, and the regurgitation of the ink drop is carried out, and ] A driving pulse selection means to determine 
whether to choose only either of said 1st or 2nd driving pulse, or choose said both 1st and 2nd driving pulses, An airline 
printer equipped with an element driving means which drives said pressure generating element with said driving signal 
containing a this selected driving pulse. 

[Claim 13] A pressure generating room which is an airline printer according to claim 12, and capacity is reduced 
according to deformation of this pressure generating element, and increases fluid pressure of ink It is open for free 
passage and prepares in an ink path to said nozzle. Said drive signal generation means While forming as a pulse which 
has at least the 1st signal as for which said 2nd driving pulse expands said pressure generating room, the 2nd signal 
holding this expansion condition, and the 3rd signal which contracts said pressure generating room Time difference of 
timing of said 1st ink drop regurgitation, and initiation timing of said 1st signal of said 2nd driving pulse An airline 
printer which is the means which it is longer than meniscus return time amount TR from said 1st ink drop regurgitation, 
and is defined as time amount shorter than TR+3 and Tm / 8 (Tm is a meniscus proper oscillation period). 
[Claim 14] While opening for free passage and establishing a pressure generating room which is an airline printer 
according to claim 12, and capacity is reduced according to deformation of this pressure generating element, and 
increases fluid pressure of ink in an ink path to said nozzle An airline printer made into a means defined as time amount 
in consideration of period-of-vibration Tc according time difference of timing of said 1st ink drop regurgitation, and 
timing of said 2nd ink drop regurgitation in said drive signal generation means to helmholtz resonance of ink of said 
pressure generating interior of a room. 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[The technical field to which invention belongs] This invention relates to the driving gear of the ink jet recording head 
which carries out the regurgitation of the ink drop of magnitude which is different from the same nozzle and its method, 
and the airline printer using this driving gear further. 
[0002] 

[Description of the Prior Art] An ink jet printer performs two or more multiple-value-ization to the image which it is 
going to print, and is controlling formation of the dot to a record-medium top by each nozzle of a recording head based 
on the signal of turning on and off of the dot obtained as a result of multiple- value-izing. An ink drop is breathed out 
from two or more nozzles on a recording head to predetermined timing, respectively, and, specifically, it is considering 
as the configuration which records because each of these ink drops form a dot in the surface of record media, such as the 
recording paper. Fundamentally, by pressurizing a short time and ink extremely at the ink path which results in a nozzle, 
the pressurized ink serves as an ink drop from a nozzle tip, and it is breathed out by the technique of carrying out the 
regurgitation of the ink. ************** ? suc h as a method which generates a pressure by difference of the generating 
mechanism of the pressure applied to ink using an electrostriction element, and a method with generating of the air 
bubbles by heating which is and applies a pressure. Even if it adopted which mechanism, middle gradation was 
unrecordable, if it was very difficult to control continuously and freely the ink weight of the ink drop which does not 
carry out whether the regurgitation of the ink drop is carried out, or [ that is, ] does not pass to perform on-off control of 
a dot, but is breathed out by the ink jet method which carries out the regurgitation of the ink from a nozzle tip and 
remained as it is. 

[0003] Then, conventionally, in order to express middle gradation, technique, such as area gradation, a dither method, 
and an error diffusion method, is proposed. If record of the middle gradation by area gradation is taken for an example, 
record of middle gradation will be realized by expressing one pixel by two or more dots of 4x4 and 8x8 grade. A shade 
can be expressed with 16 gradation (it is 17 gradation when all whites are included) if one pixel is expressed by the dot 
matrix of 4x4. If the resolution of a pixel is raised, a gradation expression can be performed more densely. However, if 
gradation is raised without changing the diameter of a record dot, substantial resolution will fall. Moreover, when the 
diameter of a record dot in the record paper is large, the graininess of a low concentration field comes to be 
conspicuous. Therefore, it is necessary to make small the diameter of a dot which lessens weight of an ink drop and 
records it. 

[0004] in order to make the diameter of a dot small, it is said that it makes it contract once it expands the capacity of the 
pressure generating room the ink path was connected [ pressure / JP,55-17589,A ], for example as technology which 
carries out the regurgitation of the ink drop with small ink weight as indicated - being the so-called - "-- lengthening - 
striking - " - what is performed is known. In order that the ink apical surface (meniscus) in a nozzle may retreat by 
once enlarging capacity of a pressure generating room, the ink drop which carries out the regurgitation from a nozzle at 
the time of pressurization becomes small, and it becomes possible to make the diameter of a record dot small. 
[0005] Although the graininess in a low concentration field cannot be conspicuous and record quality can be raised if 
the diameter of a record dot becomes small, a recording rate falls sharply. For example, when using only the dot of the 
minor diameter made into the abbreviation one half of the usual diameter of a record dot, 4 times [ at the time of using 
the usual diameter of a record dot ] as many chart lasting time as this is required. Neither is easy although what is 
necessary is to raise the drive frequency which carries out the regurgitation of the ink drop 4 times, or just to increase 
the number of nozzles 4 times, in order to prevent the fall of a recording rate. 

[0006] Then, the technology which is made to breathe out the ink drop of weight which is different from the same 
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nozzle, and enables gradation record is also proposed (for example, U.S. Pat. No. 5,285,215 specification), with this 
technology, before acting as two or more shot student of the very small ink drop and reaching the target in the record 
paper by generating two or more same pulse signals in one record period, the very small ink drop of these plurality is 
made to coalesce, a big ink drop is generated, and it is utterly. 
[0007] 

[Problem(s) to be Solved by the Invention] According to technology given [ said ] in an official report, it is possible to 
control the regurgitation of a very small ink drop and the regurgitation of the big ink drop in which two or more ink 
drops coalesced, but in order to make two or more ink drops with the almost same magnitude coalesce certainly before 
recording paper impact, many conditions, such as the relation between the distance from a nozzle tip to the recording 
paper, or the regurgitation speed of an ink drop and the passing speed of an arm head, must fulfill. Similarly, the 
adjustable range of the diameter of a record dot also had the problem of being narrow. 

[0008] This invention is made for the purpose of solving the starting problem, and offers the driving gear of the ink jet 
recording head which can make large further the adjustable range of the diameter of a record dot, its method, and the 
airline printer using the driving gear of this recording head. 
[0009] 

[The means for solving a technical problem, and its operation and effect] The next configuration was used for this 
invention in order to solve a part of such a problem [ at least ]. Namely, the driving gear of the ink jet recording head of 
this invention By operating the pressure generating element prepared corresponding to each of two or more nozzle 
orifices The 1st driving pulse for being the driving gear of the ink jet recording head which makes an ink drop breathe 
out from said nozzle orifice, and making the 1st ink drop breathe out from said two or more nozzles, A drive signal 
generation means to generate the driving signal which comes to contain the 2nd driving pulse for making the 2nd bigger 
ink drop than said 1st ink drop breathe out from these two or more nozzles, With a driving pulse selection means to 
choose at least one driving pulse in said each driving pulse within 1 record period corresponding to a record pixel, and 
said driving signal containing the this chosen driving pulse When it is going to form a larger dot than the dot formed of 
the element driving means which drives said pressure generating element, and an account 1st or the 2nd ink drop With 
said pulse selection means, said the 1st driving pulse and said 2nd driving pulse are chosen into said 1 record period, 
and it is making into the summary to have had the large dot means forming which forms a large dot on said record 
medium by the ink drop according to both driving pulses. 

[0010] Invention of the drive method of the recording head corresponding to the driving gear of this recording head By 
operating the pressure generating element prepared corresponding to each of two or more nozzle orifices The 1st driving 
pulse for being the drive method of an ink jet recording head of making an ink drop breathing out from said nozzle 
orifice, and making the 1st ink drop breathe out from said two or more nozzles, The driving signal which comes to 
contain the 2nd driving pulse for making the 2nd bigger ink drop than said 1st ink drop breathe out from these two or 
more nozzles is generated. At least one driving pulse in said each driving pulse is chosen within 1 record period 
corresponding to a record pixel. When it is going to form a larger dot than the dot formed of an account 1st or the 2nd 
ink drop It is making to drive said pressure generating element into the summary with said driving signal which chooses 
said the 1st driving pulse and said 2nd driving pulse into said 1 record period, and contains the this chosen driving 

[001 1] According to the driving gear and the drive method of this ink jet recording head, at least one driving pulse in 
each driving pulse corresponding to the 1st and 2nd ink drop from which magnitude differs is chosen within 1 record 
period, and a pressure generating element is driven with the driving signal containing this driving pulse. Therefore, the 
dot by the 1st ink drop formed corresponding to the 1st driving pulse, The dot by the 2nd ink drop formed 
corresponding to the 2nd driving pulse, By being able to form the dot by the 1st and 2nd ink drops formed 
corresponding to both of the 1st and 2nd driving pulses, and using two of dots of this at least Multiple- value-ization 
beyond the formation of 3 of forming bigger dot than this values which does not form a dot and which forms a small dot 
can be performed. 

[0012] Moreover, by the driving gear and the drive method of this ink jet recording head, the pressure generating room 
which capacity is reduced according to deformation of a pressure generating element, and increases the fluid pressure of 
ink is opened for free passage and established in the ink path to said nozzle, and it is possible to define another side and 
a driving signal as follows, and to control them. While forming one as a pulse which has at least the 1st signal as for 
which the 2nd driving pulse expands said pressure generating room, the 2nd signal holding an expansion condition, and 
the 3rd signal which contracts said pressure generating room The time difference of the timing of said 1st ink drop 
regurgitation, and the initiation timing of said 1st signal of said 2nd driving pulse It is longer than the meniscus return 
time amount TR from said 1st ink drop regurgitation, and is the configuration defined as time amount shorter than TR+3 
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and Tm / 8 (Tm is a meniscus proper oscillation period). By adopting this configuration, it becomes easy using a motion 
of the ink by the meniscus return from the 1st ink drop regurgitation to carry out the 2nd ink drop as a big ink drop. 
[0013] In this case, the regurgitation of ink is carried out and easy is influenced according to various descriptions of ink. 
For example, if the viscosity of ink becomes high, it becomes that it is hard to be breathed out, and even if it gives the 
same driving signal, it will be thought that an ink drop becomes small. Since it is influenced with the temperature of the 
ink to which the regurgitation of ink is carried out and easy indicates strong correlation to be the viscosity of ink, or 
viscosity, if the timing of the 1st signal of the 2nd driving pulse is defined to the always same timing, the case where the 
magnitude of an ink drop turns into non- wanting magnitude according to the viscosity of ink can be considered. Then, 
some rose meter (for example, ink temperature etc.) reflecting the viscosity of ink or this is detected, and it is also 
suitable to carry out adjustable [ of the time difference of the timing of said 1st ink drop regurgitation and the initiation 
timing of said 1st signal ] for the initiation timing of said 1st signal based on the this detected parameter. 
[0014] It is also suitable to carry out adjustable [ of the time difference of the timing of the 1st ink drop regurgitation 
and the initiation timing of the 1st signal of the 2nd driving pulse ] to a long side in usual ink, as said detected 
temperature serves as low warm elevated temperatures since the viscosity becomes so low that temperature becomes 
high. In this case, magnitude of the 2nd ink drop cannot be depended on ink temperature, but can be kept comparable. 
[0015] Vibration by the helmholtz resonance expected for the above-mentioned configuration to take into consideration 
a big motion of the ink that a meniscus vibrates with the vibration frequency of a proper after returning to the original 
location once the interface (meniscus) at the tip of ink retreats greatly when the 1st ink drop is breathed out, but to 
depend for it on the rigidity of an ink path or a pressure generating room or a configuration if a motion of ink is 
observed in details exists. Therefore, it is also effective to generate a driving signal in consideration of the period of 
vibration by this helmholtz resonance. Also in this case, it will set as time amount which opened for free passage and 
established the pressure generating room which capacity is reduced according to deformation of a pressure generating 
element, and increases the fluid pressure of ink in the ink path to said nozzle, and took into consideration period-of- 
vibration Tc according the time difference of the timing of said 1st ink drop regurgitation, and the timing of said 2nd ink 
drop regurgitation to helmholtz resonance of the ink of said pressure generating interior of a room. 
[0016] By deciding the timing of the 2nd pulse which generates the 2nd ink drop in consideration of the proper 
oscillation of the ink of an ink path, it becomes possible to control the magnitude of the 2nd ink drop finely. In addition, 
even if it performs this control in piles with control in consideration of the meniscus return time amount mentioned 
above, it is suitable. 

[0017] It is possible that the time difference of said timing in consideration of a resonant frequency of the 1st ink drop 
regurgitation and the timing of said 2nd ink drop regurgitation determines, and this time difference is defined as a 
direction as an integral multiple of period-of- vibration Tc by helmholtz resonance of the ink of the pressure generating 
interior of a room, for example. In the case of an integral multiple, the weight of the 2nd ink drop can be raised using 
proper oscillation. 

[0018] In addition, when the regurgitation of ink is carried out and easy fluctuates by change of descriptions, such as 
temperature of ink, it is possible [ it ] to become the non-wanting amount of ink as a result having made the amount of 
ink which carries out the regurgitation in consideration of the period of vibration by helmholtz resonance always 
increase. Therefore, the parameter which the regurgitation of ink was carried out and reflected easy, for example, ink, 
viscosity (or temperature of the ink reflecting this etc.) is detected. It is based on this parameter. The time difference of 
the timing of the regurgitation of said 1st ink drop, and the timing of said 2nd ink drop regurgitation It is good also as 
what makes adjustable twice (integer +1/2) period-of- vibration Tc by helmholtz resonance as ink becomes is easy to be 
breathed out with said detected parameter. Even if it becomes that the description of ink changes also in this case and it 
is easy to be breathed out, the weight of an ink drop is kept comparable. 

[0019] Furthermore, the driving gear of the ink jet recording head mentioned above considers invention of the airline 
printer which applied the drive method again, and can do things. This airline printer by operating the pressure 
generating element prepared corresponding to each of two or more nozzle orifices By the ink drop which is equipped 
with the ink jet recording head which makes an ink drop breathe out from said nozzle orifice, and is breathed out from 
this nozzle A printing data input means to be the airline printer which records an image on a record medium, and to 
input further the printing data which constitutes an image and which has a gradation value for every pixel, The 1st 
driving pulse for making the 1st ink drop breathe out from said two or more nozzles, Within a drive signal generation 
means to generate the driving signal which comes to contain the 2nd driving pulse for making the 2nd bigger ink drop 
than said 1st ink drop breathe out from these two or more nozzles, and 1 record period corresponding to a record pixel 
[ whether based on the gradation value of said inputted printing data, neither of said 1st and 2nd driving pulse is chosen, 
and the regurgitation of the ink drop is carried out, and ] A driving pulse selection means to determine whether to 
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choose only either of said 1st or 2nd driving pulse, or choose said both 1st and 2nd driving pulses, It is making into the 
summary to have had the element driving means which drives said pressure generating element with said driving signal 
containing the this selected driving pulse. 

[0020] Based on the gradation value of the inputted printing data, this airline printer chooses at least one driving pulse in 
each driving pulse corresponding to the 1st and 2nd ink drop from which magnitude differs within 1 record period, and 
drives a pressure generating element with the driving signal containing this driving pulse. Therefore, the dot by the 1st 
ink drop formed corresponding to the 1st driving pulse, The dot by the 2nd ink drop formed corresponding to the 2nd 
driving pulse, By being able to form the dot by the 1st and 2nd ink drops formed corresponding to both of the 1st and 
2nd driving pulses, and using two of dots of this at least Multiple- value-ization beyond the formation of 3 of forming 
bigger dot than this values which does not form a dot and which forms a small dot can be performed, consequently, 
without being able to form easily and certainly the dot by the small ink drop, and the dot by the big ink drop, and falling 
a print speed, the quality of the image to form can be boiled markedly and it can improve. 

[0021] In addition, also in this airline printer, it is also suitable to define the relation between the 1st pulse signal and the 
2nd pulse signal in consideration of the period Tm of the meniscus return time amount TR or its proper oscillation or the 
resonant frequency Tc of the ink of an ink path. 
[0022] 

[Embodiment of the Invention] Hereafter, the gestalt of operation of this invention is explained based on an example. 
A. The outline configuration of an airline printer : drawing explains the facilities of explanation from the whole airline 
printer configuration first. Drawing 2 is the block diagram showing the configuration of the airline printer as one 
example of this invention. The scanner 12 and the color printer 22 are connected to the computer 90, and it functions as 
an airline printer as a whole by loading a predetermined program to this computer 90, and performing so that it may 
illustrate. This computer 90 is equipped with following each part mutually connected by the bus 80 focusing on CPU81 
which performs various data processing for controlling the actuation in connection with an image processing according 
to a program so that it may illustrate. ROM82 stores beforehand a program and data required at CPU81 to perform 
various data processing, and RAM83 is memory by which various programs and data required to perform various data 
processing by CPU81 similarly are written temporarily. The input interface 84 manages the input of the signal from a 
scanner 12 or a keyboard 14, and the output interface 85 manages the output of the data to a printer 22. CRTC86 
controls the signal output to CRT21 in which color display is possible, and a disk controller (DDC) 87 controls transfer 
of the data between a hard disk 16, or the flexible drive 1 5 or the CD-ROM drive which is not illustrated. The various 
programs with which a hard disk 1 6 is provided in the form of [ which is loaded to RAM83 and performed ] various 
programs or a device driver are memorized. 

[0023] In addition, the serial input/output interface (SIO) 88 is connected to the bus 80. It connects with the modem 18 
and this SIO88 is connected to the dial-up line PNT through the modem 18. It is also possible by connecting the 
computer 90 to the external network through this SI088 and modem 18, and connecting with the specific server SV to 
download a program required for an image processing to a hard disk 16. Moreover, it is also possible to load a required 
program by the flexible disk FD and CD-ROM, and to perform a computer 90. 

[0024] Drawing 3 is the block diagram showing the configuration of the software of this airline printer. By computer 90, 
the application program 95 is operating under a predetermined operating system. The video driver 91 and the printer 
driver 96 are included in the operating system, and the middle image data MID for transmitting to a printer 22 will be 
outputted to it through these drivers from an application program 95. The application program 95 which performs the 
retouch of an image etc. reads an image from a scanner 12, and it shows the image to CRT display 21 through a video 
driver 91, performing predetermined processing to this. The data ORG supplied from a scanner 12 is the original color 
picture data ORG which is read in a color copy and consists of red (R), green (G), and a color component of three colors 
of blue (B). 

[0025] If this application program 95 emits a printing instruction, the printer driver 96 of a computer 90 will change 
image information into reception from an application program 95, and will have changed this into the signal (signal 
multiple- value-ized about each color of cyanogen, MAZENDA, yellow, and black here) which can process a printer 22. 
The interior of a printer driver 96 is equipped with the resolution conversion module 97, the color correction module 98, 
the color correction table LUT and the halftone module 99, and the rasterizer 100 in the example shown in drawing 6 . 
[0026] The resolution conversion module 97 plays the role changed into the resolution of the color picture data which 
the application program 95 is treating, i.e., the resolution in which a printer driver 96 can treat the number of pixels per 
unit length. In this way, since the image data by which resolution conversion was carried out is image information 
which still consists of three colors of RGB, it is changed into the data of each color of the cyanogen (C) which a printer 
22 uses for every pixel, MAZENDA (M), yellow (Y), and black (K), the color correction module 98 referring to the 
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color correction table LUT. In this way, the data by which color correction was carried out has the gradation value by 
width of face, such as for example, 256 gradation. A halftone module performs half toning for a printer 22 to express 
this gradation value by distributing and forming a dot. In this example, since the expression of three values of dot 
nothing, small dot formation, and large dot formation is possible for a printer 22, it is performing 3 value-ization about 
each pixel, so that it may mention later. In this way, the processed image data is rearranged in order of the data which 
should be transmitted to a printer 22 by the rasterizer 100, and is outputted as final image data FNL. In this example, it 
is only playing the role which forms a dot according to image data FNL, and the printer 22 is not performing the image 
processing. Moreover, although adjustment of the piezo-electric element driving signal which the printer 22 interior 
mentions later etc. is omitted in the printer driver 96 by the side of a computer 90, it is also possible to perform a setup 
of two or more pulse signals contained in a piezo-electric element driving signal etc. by the printer driver 96 side using 
the function of two-way communication with a printer 22. 

[0027] The outline configuration of a printer : B. The device in which a printer 22 conveys Form P by the paper feed 
motor 23 as shown in drawin g 4 , The device in which carriage 31 is made to reciprocate to the shaft orientations of a 
platen 26 by the carriage motor 24, The device in which drive the print head 28 carried in carriage 3 1 , and the 
regurgitation of ink and dot formation are performed, It consists of a control circuit 40 which manages an exchange of a 
signal with these paper feed motors 23, the carriage motor 24, a print head 28, and a control panel 32, and a piezo- 
electric element drive circuit 50 which generates the driving signal which drives a piezo-electric element in response to 
the signal from this control circuit 40. 

[0028] The device in which carriage 31 is made to reciprocate to the shaft orientations of a platen 26 consists of location 
detection sensor 39 grades which detect the sliding shaft 34 which is constructed in parallel with the shaft of a platen 26, 
and holds carriage 31 possible [ sliding ], the pulley 38 which stretches the endless driving belt 36 between the carriage 
motors 24, and the home position of carriage 3 1 . 

[0029] The cartridge 72 for color ink which contained the cartridge 71 for black ink (Bk) and the ink of cyanogen (CI), 
light cyanogen (C2), a Magenta (Ml), light MAZENDA (M2), and five colors of Hierro (Y) can be carried in this 
carriage 31 . About cyanogen and two colors of MAZENDA, it will have ink of two kinds of shades. A total of six arm 
heads 61 for ink regurgitation thru/or 66 are formed in the print head 28 of the lower part of carriage 3 1 , and the 
introductory pipe 67 (refer to drawing 5 ) which leads the ink from an ink tank to each of this arm head for colors is set 
up by the pars basilaris ossis occipitalis of carriage 3 1 . If carriage 3 1 is equipped with the cartridge 71 for black (Bk) 
ink, and the cartridge 72 for color ink from the upper part, the introductory pipe 67 will be inserted in the connection 
hole prepared in each cartridge, and supply of the arm head 61 for regurgitation thru/or the ink of 66 will be attained 
from each ink cartridge. 

[0030] Drawing 8 is explanatory drawing showing the array of the ink jet nozzle Nz in the arm heads 61-66 for ink 
regurgitation. Arrangement of these nozzles consists of 6 sets of nozzle arrays which carry out the regurgitation of the 
ink for every color, and is alternately arranged in the nozzle pitch k with 48 fixed nozzles Nz. The location of the 
direction of vertical scanning of each nozzle array is mutually in agreement. In addition, 48 nozzles Nz contained in 
each nozzle array do not need to be arranged alternately, and may be arranged on the straight line. However, if it 
arranges alternately as shown in drawing 8 , there is an advantage of being easy to set up the nozzle pitch k small on 
manufacture. 

[0031] The regurgitation of the ink from the nozzle Nz mentioned above is controlled by the control circuit 40 and the 
piezo-electric element drive circuit 50. The internal configuration of a control circuit 40 was shown in dr aw ing 10 . The 
interface 43 which receives printing data including the multiple- value gradation information from a computer 90 etc. 
inside a control circuit 40 so that it may illustrate (henceforth "I/F"), RAM44 which performs various data storages, and 
ROM45 which memorized the routine for various data processing etc., The control section 46 which consists of a CPU 
etc., an oscillator circuit 47, and the drive signal generating circuit 48 as a "drive signal generation means" which 
generates the driving signal to each piezo-electric element of the below-mentioned print head 28, It has I/F49 for 
transmitting the printing data and the driving signal which were developed by dot pattern data to the paper feed motor 
23, the carriage motor 24, and the piezo-electric element drive circuit 50. 

[0032] Since printing data after 3 value-ized processing was made by the printer driver 96 is sent, a control circuit 40 
once develops data to output-buffer 44C according to arrangement of the nozzle array of a print head, and after storing 
this printing data in receive buffer 44A, if this is outputted through I/F49, it is sufficient [ this example from a computer 
90 ] for it. On the other hand, when the data transmitted from a computer 90 is printing data including multiple- value 
gradation information, a printer 22 shall just perform processing of the formation of 3 values etc. in a control circuit 40 
(for example, when it is data of PostScript format). In this case, printing data is stored in receive buffer 44A inside a 
recording device through I/F43. After command analysis is performed to the record data stored in receive buffer 44A, it 
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is sent to middle buffer 44B. Within middle buffer 44B, the record data as an intermediate form cconverted with the 
pseudo code by the control section 46 is held, and processing which the address of the printing location of each 
alphabetic character, the class of qualification, magnitude, and a font etc. adds is performed by the control section 46. 
Next, a control section 46 analyzes the record data in middle buffer 44B, performs 3 value-ization according to 
gradation information, and makes output-buffer 44C develop and memorize dot pattern data. 

[0033] The dot pattern formed into 3 value will be developed by output-buffer 44C, and, in any case, it will be stored in 
it. A print head outputs this dot pattern data through I/F49, after preparing the dot pattern data equivalent to a part for 
one scan of an arm head for output-buffer 44C since it has the nozzle of each 48 colors so that it may mention later. It 
consists of 2 bits as gradation data for every nozzle, and "10" supports to small dot formation and "11" supports [ "00" ] 
large dot formation without a dot, respectively so that the printing data developed as dot pattern data may be mentioned 
later. About the situation of the configuration of data, and dot formation, it mentions later. 
[0034] C. The mechanism of the ink regurgitation : explain the device in which the regurgitation of ink and dot 
formation are performed. Explanatory drawing in which drawing 5 shows the outline configuration inside the arm head 
28 for ink regurgitation, and drawing 6 are the mimetic diagrams showing signs that telescopic motion of piezo-electric 
element PE performs the regurgitation of ink. If carriage 31 is equipped with ink cartridges 71 and 72, as shown in 
drawing 5 , the ink in an ink cartridge will be sucked out through the introductory pipe 67 using capillarity, and it will 
be led to each color arm head 61 of the print head 28 prepared in the carriage 3 1 lower part thru/or 66. In addition, 
although actuation which attracts ink to the arm head 61 of each color thru/or 66 with the pump of dedication is 
performed when equipped with an ink cartridge for the first time, in this example, illustration and explanation are 
omitted for a print head 28 about the configuration of a wrap cap etc. at the time of the pump for suction, and suction. 
[0035] 48 nozzles Nz are formed in it for every color as explained to the arm head 61 of each color thru/or 66 later 
(refer to drawing 8 ), and piezo-electric element PE which is one of the electrostriction elements and was excellent in 
responsibility as a pressure generating element for every nozzle is arranged. Piezo-electric element PE is installed in the 
location adjacent to the ink path 68 to which ink is led to Nozzle Nz so that it may illustrate on the drawing 6 upper 
case. The crystal structures of piezo-electric element PE are distortion and the element which changes electric- 
mechanical energy into a high speed extremely by impression of voltage as everyone knows. Piezo-electric element PE 
contracts only the impression time amount of voltage, and makes one side wall of the ink path 68 deform in this 
example, by impressing the voltage of predetermined time width of face to inter-electrode [ which was prepared in the 
both ends of piezo-electric element PE ], as shown in the drawing 6 lower berth. Consequently, it contracts according to 
contraction of piezo-electric element PE, and the ink equivalent to a part for this contraction serves as Particle Ip, and 
the capacity of the ink path 68 is breathed out by the high speed from the tip of Nozzle Nz. Printing is performed when 
this ink particle Ip sinks into the form P with which the platen 26 was equipped. 

[0036] Although the principle of the ink drop regurgitation using a piezo-electric element was explained using the 
mimetic diagram, the details of the ink regurgitation device using actual piezo-electric element PE were shown in 
drawing 7 . Drawing 7 is the cross section showing an example of the arm head 61 for record thru/or the mechanical 
cross-section structure of 66. This arm head consists of an actuator unit 121 and a passage unit 122 greatly so that it may 
illustrate. The actuator unit 121 consists of piezo-electric element PE, the 1st covering device material 130, the 2nd 
covering device material 136, and spacer 135 grade. The 1st covering device material 130 consists of sheet metal of a 
zirconia with a thickness of about 6 micrometers, the common electrode 131 used as one pole is formed in the surface, 
piezo-electric element PE is fixed so that the pressure generating room 132 later mentioned on the surface may be 
countered, and the drive electrode 134 which consists of a layer of comparatively flexible metals, such as Au, is further 
formed in the surface. 

[0037] Here, piezo-electric element PE forms the actuator of a flexurally oscillating mold by the 1st covering device 
material 130. Piezo-electric element PE deforms in the direction which will elongate if it deforms in the direction which 
will contract if a charge is added, and contracts the capacity of the pressure generating room 132 and the added charge 
discharges, and is extended based on the capacity of the pressure generating room 132. 

[0038] The spacer 135 formed in the lower part of the 1st covering device material 130 drills a through-hole at ceramic 
boards, such as the thickness suitable for forming the pressure generating room 132, for example, a 100-micrometer 
zirconia etc., (Zr02), is constituted, and the 2nd covering device material 136 and the 1st covering device material 130 
which are mentioned later carry out the closure of both sides, and it forms the above-mentioned pressure generating 
room 132. 

[0039] The 2nd covering device material 136 fixed to the other end of a spacer 135 is constituted considering ceramics, 
such as a zirconia, as the quality of the material like the spacer 135. Two free passage holes 138,139 which constitute 
ink passage between the pressure generating rooms 132 are drilled in this 2nd covering device material 136. The free 
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passage hole 138 connects the ink feed hopper 137 and the pressure generating room 132 which are mentioned later, and 
the free passage hole 139 connects a nozzle orifice Nz and the other end of the pressure generating room 132. 
[0040] These each part material 130,135,136 fabricates a ceramic clay-like material in a predetermined configuration, 
and it is summarized as an actuator unit 121, without using adhesives by carrying out the laminating of this and 
calcinating it. 

[0041] Next, the passage unit 122 is explained. The passage unit 122 consists of an ink feed hopper formation substrate 
140, an ink room formation substrate 143, a nozzle plate 145, etc. While the ink feed hopper formation substrate 140 
serves as the fixed substrate of the actuator unit 121, the nozzle orifice Nz is formed for the ink feed hopper 137 in the 
end side by the side of the pressure generating room 132 at the many-items side of the pressure generating room 132, 
respectively. The ink feed hopper 137 is a free passage way which connects the ink room 141 common to each nozzle, 
and the pressure generating room 132, and the cross section is made small enough compared with the free passage hole 
138 etc., and it is designed so that it may function as an orifice. 

[0042] The closure of the ink room formation substrate 143 is carried out by the nozzle plate 145 in the field of another 
side, it is the member which forms the ink room 141 with the ink feed hopper formation substrate 140, and the nozzle 
free passage hole 144 linked to a nozzle orifice 123 is formed. The ink room 141 is connected to the ink passage which 
stands in a row in ink cartridges 71 and 72 and which is not illustrated so that ink may flow from the ink tank which is 
not illustrated. 

[0043] The glue lines 146,147, such as a heat joining film and adhesives, are fixed in between [ each ], and these ink 
feed hopper formation substrate 140, the ink room formation substrate 143, and the nozzle plate 145 constitute the 
passage unit 122 as a whole. 

[0044] The glue lines 148, such as a heat joining film and adhesives, are fixed, and this passage unit 122 and the above- 
mentioned actuator unit 121 constitute each arm head 61 for record thru/or 66. 

[0045] If piezo-electric element PE will be contracted if the seal of approval of the voltage is carried out and a charge is 
added between the drive electrodes 131,134 of piezo-electric element PE by the above-mentioned configuration, the 
capacity of the pressure generating room 132 is reduced and a charge is discharged conversely, piezo-electric element 
PE will be elongated and the capacity of the pressure generating room 132 will increase. If the pressure generating room 
132 expands, the pressure in the pressure generating room 132 will decline, and ink will flow in the pressure generating 
room 132 from the common ink room 141. If a charge is added to piezo-electric element PE, the capacity of the pressure 
generating room 132 will be reduced, the pressure in the pressure generating room 132 will rise for a short time, and the 
ink in the pressure generating room 132 will be breathed out outside through a nozzle orifice Nz. At this time, the ink 
drop IP is breathed out outside. 

[0046] By the way, in the print head 28 for ink jet record constituted in this way, the ink which exists in the passage 
which results in Nozzle Nz causes an oscillating phenomenon as a fluid with change of the pressure of the pressure 
generating room 132. At least two kinds of proper oscillation exists in this vibration. After one breathes out an ink drop, 
it is vibration of the comparatively long period to which the meniscus which is an ink interface returns. This is called 
proper oscillation (period Tm). Another is vibration called the helm HORUMU resonance produced in a fluid by 
existence of the pressure generating room 132, and is a short vibration (period Tc) of a period comparatively compared 
with proper oscillation. When the helm HORUMU resonance frequency f of this pressure generating room 132 sets the 
inertance of Mn and the ink feed hopper 137 to Ms for the inertance of Cv and a nozzle orifice 123, a degree type (1) 
shows the rigid compliance by the material itself which forms Ci and the pressure generating room 132 for the fluid 
compliance resulting from the compressibility of the ink of the pressure generating room 132, such as the 1st covering 
device material 130 and piezo-electric element PE. 
[0047] 

f^l/(2pi) xroot {(Mn+Ms)/(MnxMs)/(Ci+Cv)} 
-(1) 

[0048] Moreover, if compliance of a meniscus is set to Cn and the viscous drag of ink passage will be disregarded, the 

proper oscillation period Tm of a meniscus is shown by the degree type (2). 

[0049] 

Tm=2pixroot {(Mn+Ms) Cn} - (2) 

[0050] Moreover, when density of V and ink is set to rho and c of the acoustic velocity in the inside of ink for the 

capacity of the pressure generating room 132, the fluid compliance Ci is shown by the degree type (3). 

[0051] 

Ci=V/rho c2 - (3) 

[0052] In addition, since the rigid compliance Cv of the pressure generating room 132 is in agreement with the static 
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reduction of area of the pressure generating room 132 when impressing unit pressure to the pressure generating room 
132, it can calculate an actual value by measuring this. 

[0053] The period Tc of the proper oscillation excited by the meniscus by contraction and expanding of piezo-electric 
element PE is the same as the period obtained with the inverse number of the helm HORUMU resonance frequency f. If 
an example of count adapted to an example is given, for 2xl08kgm-4 and Inertance Ms, lxlO-20m5N-l and the rigid 
compliance Cv of the helm HORUMU resonance frequency f at the time of being lxl08kgm-4 will be [ the fluid 
compliance Ci / 1.5xl0-20m5N-l and Inertance Mn ] 125kHz, and the period Tc will be set to 8 microseconds. 
[0054] D. The outline of formation of a size dot : the nozzle Nz of each 48 colors with which the printer 22 of this 
example was equipped is equally formed in the bore. Two kinds of dots from which a path differs using this nozzle Nz 
can be formed. This principle is explained. Drawing 9 is explanatory drawing having shown typically the relation 
between the drive wave of the nozzle Nz at the time of ink being breathed out, and the ink Ip breathed out. It is a wave 
at the time of the drive wave shown with the dashed line in drawing 9 carrying out the regurgitation of the usual dot. 
Meniscus Me will be in the condition of having cratered inside Nozzle Nz as it was shown in the condition A of drawing 
9 , in order that piezo-electric element PE might deform the capacity of the pressure generating room 132 in the 
increasing direction, once it impressed the voltage of minus to piezo-electric element PE in the section d2. On the other 
hand, if minus voltage is rapidly impressed using the drive wave shown as the continuous line of drawin g 9 as shown at 
the section d2, a meniscus will be in the condition of having cratered inside greatly compared with Condition A as 
shown in the Condition a. 

[0055] It is based on the following reason that the configuration of a meniscus changes with pulse shape of the voltage 
of the minus which carries out a seal of approval to piezo-electric element PE. A piezo-electric element deforms 
according to the shape of a pulse form of the voltage by which the seal of approval was carried out, and fluctuates the 
capacity of the pressure generating room 132. If the change carries out very slowly when the capacity of the pressure 
generating room 132 increases, with increase of the capacity of the pressure generating room 132, ink will be supplied 
from the common ink room 141, and a meniscus will hardly change. On the other hand, when telescopic motion of 
piezo-electric element PE is performed for a short time and change of the capacity of the pressure generating room 132 
arises rapidly, it will not do from supply of ink being restricted by the ink feed hopper 137 from the ink room 141, but a 
meniscus will be influenced by change of the capacity of the pressure generating room 132. When change of voltage 
which carries out a seal of approval to piezo-electric element PE is loose (refer to drawing 9 dashed line), the back space 
of a meniscus is small, and when change of seal-of-approval voltage is rapid (refer to drawing 9 continuous line), it is 
based on the balance of this ink supply that the back space of a meniscus becomes large. 

[0056] Ink is breathed out based on the principle it was previously explained using drawing 6 that just carried out 
applied voltage to piezo-electric element PE from the condition that the meniscus retreated next (section d3). At this 
time, from the condition (condition A) of having seldom cratered the meniscus inside, as shown in Condition B and 
Condition C, a big ink drop is breathed out, and from the condition (condition a) to which the meniscus was cratered 
inside greatly, as shown in Condition b and Condition c, a small ink drop is breathed out. 

[0057] According to the rate of change at the time (sections dl and d2) of making driver voltage negative, the diameter 
of a dot can be changed as shown above. However, it is very difficult to perform control which changes the wave of a 
driving signal for every dot by the printer equipped with two or more nozzles Nz. So, at this example, the size dot is 
formed by preparing the driving signal containing two different wave-like pulse signals, and preparing printing data 
according to this signal. This technique is explained below. 

[0058] E. A piezo-electric element drive circuit and a driving signal : in this example, two kinds, the drive wave for 
forming the small small dot of the diameter of a dot and the drive wave for forming the big large dot of the diameter of a 
dot, are prepared based on such relation between a drive wave and the diameter of a dot (refer to drawing 1 1 ). About 
the situation of formation of the ink drop of the size by the difference in a driving signal, it mentions later with the 
details of generation of a driving signal. 

[0059] First, the configuration which generates the wave-like driving signal shown in drawin g 1 1 is explained. The 
driving signal shown in drawing 1 1 is generated by the piezo-electric element drive circuit 50. Drawing 12 is the block 
diagram showing the internal configuration of this piezo-electric element drive circuit 50. So that it may illustrate inside 
this piezo-electric element drive circuit 50 The memory 51 which receives and memorizes the signal from a control 
circuit 40, and the contents of this memory 51 are read. The latch 52 who holds temporarily, the adder 53 adding this 
latch's 52 output, and another latch's 54 output mentioned later, D/A converter 56 which changes latch's 54 output into 
analog data, and the changed analog signal to the voltage swing for a piezo-electric element PE drive It consists of the 
current amplification sections 58 for performing the current supply source corresponding to the voltage amplification 
section 57 to amplify and the amplified voltage signal. Here, memory 51 memorizes the predetermined parameter which 
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determines the wave of a driving signal. The wave of a driving signal is determined by the predetermined parameter 
beforehand received from the control circuit 40 so that it may mention later. The piezo-electric element drive circuit 50 
receives clock signals 1 , 2, and 3, a data signal, an address signal 0 or 3, and a reset signal from a control circuit 40, as 
shown in drawing 12 . 

[0060] Drawing 13 is explanatory drawing showing signs that the wave of a driving signal is determined, by the 
configuration of the piezo-electric element drive circuit 50 mentioned above. First, in advance of generation of a driving 
signal, some data signals which show the slew rate of a driving signal, and the address signal of the data signal are 
outputted to the memory 51 of the piezo-electric element drive circuit 50 from a control circuit 40 synchronizing with a 
clock signal 1 . Although only 1 bit of data signals does not exist, as shown in drawin g 14 , they have the composition of 
exchanging data, by the serial transmission which makes a clock signal 1 a synchronizing signal. That is, in transmitting 
a predetermined slew rate from a control circuit 40, synchronizing with a clock signal 1, a two or more bits data signal is 
outputted first, and it outputs after that the address which stores this data as an address signal 0 thru/or 3 synchronizing 
with a clock signal 2. To the timing to which this clock signal 2 was outputted, memory 51 reads an address signal and 
writes the received data in that address. Since an address signal is a 4-bit signal of 0 thru/or 3, it can make a note of a 
maximum of 16 kinds of slew rates, and can memorize them to 51. In addition, the most significant bit of data is used as 
a sign. 

[0061] If Address B is outputted to an address signal 0 thru/or 3 after a setup of each addresses A and B and the slew 
rate to ... is completed, the slew rate corresponding to this address B will be held by the 1st latch 52 with the first clock 
signal 2. It is in this condition, and if a clock signal 3 is outputted next, the value with which the 1st latch's 52 output 
was added to the 2nd latch's 54 output will be held at the 2nd latch 54. That is, whenever it will receive a clock signal 3 
after that once the slew rate corresponding to an address signal is chosen as shown in drawing 13 , the 2nd latch's 54 
output is fluctuated according to the slew rate. The slew rate stored in Address B serves as a value corresponding to unit 
time-amount **T Hitting and only voltage **V 1 going up voltage. In addition, an increment or reduction is determined 
by the sign of the data stored in each address. 

[0062] In the example shown in drawing 13 , the value in the case of maintaining a value 0, i.e., voltage, as a slew rate is 
stored in Address A. Therefore, if Address A becomes effective with a clock signal 2, the wave of a driving signal will 
be maintained at a condition without increase and decrease, i.e., a flat condition. Moreover, the slew rate corresponding 
to only **V 2 falling unit time amount **T per voltage is stored in Address C. after [ therefore, ] Address C becomes 
effective with a clock signal 2 - this voltage **V - voltage will fall and go every [ 2 ]. 

[0063] The wave of a driving signal is freely controllable only by outputting an address signal and a clock signal 2 from 
a control circuit 40 by the technique mentioned above, an example - each pulse which constitutes the driving signal to 
kick is explained using drawin g 1 1 . First, in the record period corresponding to one record pixel, a driving signal is 
roughly divided and consists of the 1st pulse and the 2nd pulse. The voltage value starts the 1st pulse from the middle 
potential Vm (Tl 1), it goes up with inclination fixed to the maximum potential VP (T12), and only predetermined time 
maintains the maximum potential VP (T13). Next, it descends with inclination fixed to the 1st minimum potential VLS 
(T14), and, as for the 1st pulse, only predetermined time maintains the minimum potential VLS (T15). After that, it goes 
up again with inclination fixed to the maximum potential VP (T16), and, as for the voltage value of the 1st pulse, only 
predetermined time maintains the maximum potential VP (T17). Then, the 1st pulse descends with inclination fixed to 
the middle potential Vm (Tl 8). 

[0064] Here, if the charge pulse T12 is impressed to piezo-electric element PE, piezo-electric element PE will generate 
positive pressure in the direction which shrinks the capacity of the pressure generating room 132 in a deflection and the 
pressure generating room 132. Consequently, a meniscus rises from a nozzle orifice 123. Although the potential 
difference of the charge pulse T12 is large, and it is possible to also make an ink drop breathe out by the charge pulse 
T12 when voltage inclination is steep, the potential difference of the charge pulse T12 is set as the range in which an ink 
drop is not breathed out by the charge pulse T12 in this example. In this example, further, the charging time of the 
charge pulse T12 is set as the period more than Tc (at this example, it is [ Tc and ] the same period substantially) so that 
a meniscus may not excite vibration of the helmholtz period Tc. 

[0065] The meniscus which rose by the charge pulse T12 is changed to the motion which returns into a nozzle orifice 
123 by vibration of a period Tm with the surface tension of ink, while the hold pulse T13 is impressed. **** 
[ impression of the discharge pulse T14 / produce / in a deflection and the pressure generating room 132 / piezo-electric 
element PE / in the direction which expands the pressure generating room 132 / negative pressure ] The motion of a 
meniscus to the nozzle orifice 123 interior by this negative pressure is superimposed by vibration of the above- 
mentioned period Tm, and a meniscus is greatly drawn in the interior of a nozzle orifice 123. Thus, a meniscus can be 
greatly drawn in the interior of a nozzle orifice 123 also by the potential difference of the comparatively small discharge 
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pulse T14 by impressing the discharge pulse T14 to the timing to which a meniscus goes to the interior of a nozzle 
orifice 123. At this example, drawing in of the above meniscuses is guaranteed for the duration of the hold pulse T13 by 
the thing of Tm for which about 1/is set to 2. 

[0066] If the charge pulse T16 is impressed from the condition that the meniscus was drawn, positive pressure will 
occur in the pressure generating room 132, and a meniscus will rise from a nozzle orifice 123. At this time, since the 
meniscus is greatly drawn in the interior of a nozzle orifice 123, even if the pressure of the positive pressure direction is 
added, the ink drop breathed out will remain in a minute ink drop. The discharge pulse Tl 8 is a discharge pulse for 
suppressing the proper oscillation of the meniscus excited by the discharge pulse T14 and the charge pulse T16, and 
impresses the discharge pulse Tl 8 which makes a meniscus go to the interior of a nozzle orifice 123 to the timing to 
which the proper oscillation of a period Tc goes to the outlet of a nozzle orifice 123. Consequently, the back space of 
the meniscus after the regurgitation of a very small ink drop is completed is controlled by the comparatively small thing. 

[0067] Next, the 2nd pulse is explained. The 2nd pulse is started from the middle potential Vm following on the 1st 
pulse (T19). It descends with inclination fixed to the 2nd minimum potential VLL (T21), and only predetermined time 
maintains die minimum potential VLL (T22). The minimum potential VLL of this 2nd pulse is lower than the minimum 
potential VLS of the 1st pulse. And it goes up with inclination fixed to the maximum potential VP (T23), and, as for the 
voltage value of the 2nd pulse, only predetermined time maintains the maximum potential VP (T24). Then, the 2nd 
pulse descends with inclination fixed to the middle potential Vm (T25). 

[0068] If the discharge pulse T21 is impressed, negative pressure will arise in the pressure generating room 132 as 
mentioned above, and a meniscus will be drawn in the interior of a nozzle orifice 123. However, the slew rate is set up 
so that a meniscus may not be greatly drawn in the interior of a nozzle orifice 123 compared with the 1st pulse by 
setting up the potential difference of the discharge pulse T21 smaller than the potential difference of the discharge pulse 
T14 of the 1st pulse. 

[0069] If the charge pulse T23 is impressed, positive pressure will occur in the pressure generating room 132, and a 
meniscus will rise from a nozzle orifice 123. Since the pressure variation of the positive pressure direction occurs in the 
condition that a meniscus is not drawn so much in the interior of a nozzle orifice 123, at this time, the ink drop breathed 
out turns into a big ink drop compared with the 1st pulse. In addition, the discharge pulse T25 of the last of the 2nd 
pulse is a discharge pulse for suppressing the proper oscillation of the meniscus excited by the discharge pulse T21 and 
the charge pulse T23, and is impressed to the timing to which a meniscus goes in the direction of an outlet of a nozzle 
orifice 123 by the proper oscillation of a period Tc. 

[0070] the case where the 1st pulse and the 2nd pulse are chosen continuously after all — two ink drops — the empty 
hand from Nozzle Nz ~ ****** ~ although it becomes things, two ink drops reach the almost same location on a form. 
Drawing 15 showed this situation. The biggest dot is formed for the small ink drop IPs corresponding to the 1st pulse, 
and the big ink drop IPm which corresponded the 2nd pulse by [ on a form ] reaching the same location mostly so that it 
may illustrate. When forming two kinds of dots using the driving signal shown in drawing 1 1 , since the 2nd pulse of the 
variation of piezo-electric element PE is larger, the ink drop IP will be breathed out with sufficient vigor, and a big 
flight speed of the ink drop IPm has it compared with the small ink drop IPs. [ large ] Thus, if the scan speed of carriage 
31 and the regurgitation timing of both the ink drop are adjusted according to the distance between carriage 31 and 
Form P, moving carriage 3 1 to a main scanning direction since a difference exists in the flight speed of an ink drop 
when discharge and an ink drop big next are breathed out for a first small ink drop, both the ink drop can be made to 
reach Form P to the almost same timing. In this example, it does in this way and the large dot with the biggest diameter 
of a dot is formed from two kinds of driving pulses of drawin g 1 1 . 

[0071] F. vibration of a meniscus and timing [ of the 2nd pulse ]: - independent [ in the regurgitation of the ink drop 
corresponding to the 1st pulse, and the regurgitation of the ink drop corresponding to the 2nd pulse ] in this example, as 
explained above ~ or, although it can carry out continuously Total of the ink weight at the time of forming an ink drop 
continuously by the 1st pulse and the 2nd pulse is adjusting the 1st and 2nd pulse form ** timing in consideration of 
vibration of a meniscus so that it may become large intentionally from the total at the time of forming each ink drop 
independently. This point is explained below. Drawing 16 is explanatory drawing showing the relation of the pulse 
selection and the ink drop weight per 1 record period in this example. When the 1st pulse and the 2nd pulse are 
continuously chosen so that it may illustrate, compared with total of the ink drop weight at the time of choosing the 1st 
pulse and the 2nd pulse independently, respectively, it turns out that ink weight carried out the increment in 5ng in total. 
This ink weight increase is obtained by forming the 2nd ink drop to the predetermined timing in consideration of a 
motion of a meniscus, after breathing out a small ink drop, the ratio of the ink weight (an example 20 ng(s)) of a large 
dot [ as opposed to the ink weight (an example 5 ng(s)) of a small dot as a result ] ~ breadth the adjustable range of 
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the diameter of a record dot is supposed to have been substantially made large further The end point of the charge pulse 
T16 of the 1st pulse which is specifically "timing of the 1st ink drop regurgitation 11 in this example, Time amount with 
the starting point of the charge pulse T21 of the 2nd pulse which is "the initiation timing of the 1st signal which expands 
a pressure generating room" The time amount of the hold pulse T19 is set up so that it may become "+ (meniscus return 
time amount from the 1st ink drop regurgitation)" (1/8 of the meniscus proper oscillation period Tm) mentioned later. 
[0072] Drawin g 17 and drawing 18 are explanatory drawings showing a motion of the meniscus in the 1st example. An 
axis of ordinate shows the amount of meniscus displacement, and the horizontal axis shows time amount. The sign 707 
in drawing shows the effective area of a nozzle orifice 123, and the lower part of the nozzle effective area 707 is 
equivalent to the interior of a nozzle orifice 123. Moreover, the curve 708 in drawing shows the displacement of a 
meniscus. Therefore, the inclination (differential value) of the tangent of the curve 708 in drawing shows the speed of a 
meniscus. Moreover, when an ink drop is breathed out, the area (illustration hatching section) of one closed region 
which the curve 708 corresponding to the timing is between horizontal axes, and forms more nearly up than a horizontal 
axis will be proportional to the weight of an ink drop mostly. 

[0073] a meniscus when drawing 1 7 impresses the 1st pulse independently — it is displacement. An ink drop is breathed 
out corresponding to the peak 704 of meniscus vibration. That is, at this time, it dissociates from a meniscus, and an ink 
drop turns into a minute ink drop, and carries out the regurgitation. Then, a meniscus will be in the condition of having 
been drawn from the nozzle effective area 707. The drawn meniscus once reaches the nozzle effective area 707 toward 
the nozzle effective area 707 at the beginning of return at the time of time of day 701 with the surface tension of a 
meniscus. The elapsed time from the timing of the 1st ink drop regurgitation to time of day 701 is "meniscus return time 
amount from 1st ink drop regurgitation" TR here. Furthermore, a meniscus exceeds the nozzle effective area 707 and 
begins to return soon. That is, a meniscus will cause damping oscillation. When time of day when a meniscus results in 
the nozzle effective area 707 again is set to 709, the elapsed time from time of day 701 to time of day 709 is about 1 of 
proper oscillation period Tm of meniscus/2, time of day 703 -- the 1st after [ the ink drop regurgitation ] meniscus -- the 
point with which displacement serves as max — it is — the elapsed time of time of day 701 to the time of day 703 - 
about [ of the proper oscillation period Tm of a meniscus ] ~ it is equal to one fourth. Time of day 702 is the almost 
middle time of day of the time of day 701 when the speed of the meniscus which goes to the nozzle orifice 123 exterior 
serves as max, and said time of day 703, and its elapsed time of time of day 701 to the time of day 702 is equal to the 
abbreviation 1/8 of the proper oscillation period Tm of a meniscus. Time of day 710 is the almost middle time of day of 
time of day 703 and said time of day 709, and its elapsed time of time of day 701 to the time of day 710 is equal to the 
abbreviation 3/8 of the proper oscillation period Tm of a meniscus. 

[0074] Next, the increment phenomenon of the ink drop measure when continuing at the 1st pulse and impressing the 
2nd pulse is explained, referring to drawin g 1 8 . In this example, as shown in draw ing 18 , the driving signal is set up so 
that impression of the discharge pulse T21 which is "the initiation timing of the 1st signal which expands a pressure 
generating room" may begin on the point of time of day 702. the condition of the meniscus in this time of day 702 - a 
meniscus — displacement — speed and a meniscus — since each displacement serves as nozzle orifice 123 outwardness, 
the operation which is going to draw a meniscus in the nozzle orifice 123 interior by the discharge pulse T21 of the 2nd 
pulse is offset, and the amount of drawing in of the displacement 708 of a meniscus is reduced. Consequently, by 
impression of the charge pulse T23, the peak 705 of meniscus vibration becomes high and the magnitude of the ink drop 
separated from a meniscus becomes large. In addition, in drawing 18 , the sign 706 in drawing shows the time difference 
of the end point of the charge pulse T16 which is "timing of the 1st ink drop regurgitation", and the starting point of the 
discharge pulse T21 which is "the initiation timing of the 1st signal which expands a pressure generating room." 
[0075] The total and relation of ink drop weight which are breathed out by drawin g 19 by the phase, the 1 st pulse, and 
the 2nd pulse of "the initiation timing of the 1 st signal of the 2nd pulse" are shown. The total value of the ink drop 
weight by which an axis of ordinate is breathed out by the 1st pulse and the 2nd pulse, and a horizontal axis show time 
amount. The ink drop weight curve GI carries out adjustable [ of the initiation timing of the 1st signal of the 2nd pulse ] 
till time of day 701-710, and measures the total value of the amount of ink. It carries out asymptotic [ of the total of ink 
drop weight ] to ink drop weight (5+10=) 15ng when breathing out the 1st pulse and the 2nd pulse independently 
respectively as it is set to maximum 20ng and the initiation timing of the 1st signal of the 2nd pulse is extended, when 
initiation timing of the 1st signal of the 2nd pulse is made into the time-of-day 702 neighborhood. On the contrary, also 
when initiation timing of the 1st signal of the 2nd pulse is shortened, total of ink drop weight is reduced. This is in the 
condition that the meniscus was drawn in the nozzle orifice 123 interior, and is considered for drawing a meniscus in the 
nozzle orifice 123 interior by the discharge pulse T21 of the 2nd driving pulse further. From drawin g 18 , it is longer 
than the meniscus return time amount TR from said 1st ink drop regurgitation, and the time difference of the timing of 
the 1st ink drop regurgitation and the 1st initiation timing of a voltage downward wave of the 2nd driving pulse is 
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understood that it is desirable to make it shorter than (meniscus return time amount TR from 1st ink drop regurgitation) 
+ (3/8 of the meniscus proper oscillation period Tm). That is, ink drop weight can be increased from the case where an 
ink drop is breathed out for the initiation timing of the 1st signal of the 2nd pulse, respectively by the time amount of 
time of day 701 to the time of day 710, then two pulses. 

[0076] G. The modification of the drive circuit 50 : although the driving signal added to piezo-electric element PE was 
generated in the 1st example explained above using D/A converter 56 based on the command from a control circuit 40 
side, the drive circuit which generates a driving signal can also be realized by circuit 50A shown in drawing 20 . An 
example of the configuration of this drive circuit 50A is explained based on drawing 20 . This drive circuit 50A consists 
of shift registers 253 A-253N, the latch elements 254A-254N, level shifters 255A-255N, switching devices 256A-256N, 
and piezo-electric elements 257A-257N corresponding to each nozzle of an arm head 28. Printing data consists of 2 bit 
data for every nozzle, as shown in (10), (11), etc. And the bit data of each digit about all nozzles are inputted into shift 
registers 253A-253N in 1 record period. 

[0077] That is, after serial transmission of the data of the bit 2 which is a high order bit for all nozzles is carried out to 
shift registers 253A-253N, the data of the bit 2 for all these nozzles is latched by the latch elements 254A-254N. Serial 
transmission of the data of the bit 1 which is a lower bit for all nozzles is done next to shift registers 253A-253N by this 
latch. 

[0078] And when the bit data which join each switching devices 256A-256N constituted, for example as an analog 
switch are "1", a driving signal (COM) is directly impressed to piezo-electric elements 257A-257N, and each piezo- 
electric elements 257A-257N are displaced according to the signal wave form of a driving signal. On the contrary, when 
the bit data which join each switching devices 256A-256N are "0", an each piezo-electric elements [ 257A-257N ] 
driving signal is intercepted, and each piezo-electric elements 257A-257N hold the last charge. 
[0079] It is the wave this circuit 50A as well as the 1st example indicated the driving signal (COM) to be to drawing 1 , 
and a small ink drop and a big ink drop are formed of the 1st pulse and the 2nd pulse. 

[0080] The 1st pulse is for making the small ink drop of about 5 ng(s) breathe out. When recording a small dot, this 1st 
pulse is chosen independently and the small diameter of a dot is obtained. The 2nd pulse is always chosen in the 
example shown in drawing 1 following on said 1st pulse, and only the 2nd pulse is not chosen independently. It is as the 
1st example having explained that the big ink drop of abbreviation (5+15=) 20ng is breathed out, and the big diameter 
of a dot is obtained by the 1st and 2nd pulse being chosen continuously when recording a large dot. 
[0081] If a record dot is formed in the record paper by three patterns in the case (gradation value 3) of forming a large 
dot when forming only a small dot about a gradation expression in the case of the non-dot which does not form a dot 
(gradation value 1) (gradation value 2), dot gradation of 3 gradation can be performed. In addition, as shown in (00), 
(01), and (10), 2 bit data can express each gradation value. 

[0082] To a switching device 256, at the time of the 1st pulse generating, the case of the gradation value 2 of the small 
dot which carries out the regurgitation only of the small ink drop makes it synchronize, and impresses "1", and at the 
time of the 2nd pulse generating, if "0" is impressed, only the 1st pulse can be supplied to a piezo-electric element 257. 
That is, by translating into 2 bit data (10) the 2-bit data (01) in which gradation 2 is shown (decoding), only the 1st pulse 
can be impressed to a piezo-electric element 257, and the gradation value 2 of a small dot can be realized. 
[0083] If similarly 2 decoded bit data (1 1) are given to a switching device 256, the 1st pulse and the 2nd pulse are 
impressed to a piezo-electric element 257, the ink drop of the smallness size of two shots reaches the target in the record 
paper continuously by this, each ink drop is mixed, a large dot is formed substantially, and the gradation value 3 can be 
realized. Moreover, similarly, in the case of the gradation value 1 of the non-dot which does not carry out the 
regurgitation of the ink drop, the gradation value 1 of a non-dot can be realized without impressing a pulse to a piezo- 
electric element 257, if 2 bit data (00) are given to a switching device 256. 

[0084] It supplements about the concrete configuration which gives 2-bit printing data to switching device 256 grade 
each. First, the 2-bit printing data (Dl, D2) decoded by the control circuit 46 is memorized by output-buffer 44C. Here, 
Dl is the selection signal of the 1st pulse, and D2 is the selection signal of the 1st pulse. This 2-bit printing data is given 
to the switching device 256 corresponding to each nozzle of a recording head 28 into 1 record period. The printing data 
of the 1st nozzle in the location which makes n pieces the number of nozzles of a recording head 28, and specifically has 
the direction of vertical scanning (Dl 1, D21), As shown in (D12, D22), when the printing data of the 2nd nozzle is 
expressed, synchronizing with a clock signal, the serial input of the data (... Dl 1, D12, D13, Din) of the 1st pulse 
selection signal Dl about all nozzles is carried out to a shift register 253. Similarly, the data (... D21, D22, D23, D2n) of 
the 2nd pulse selection signal D2 about all nozzles is transmitted to a shift register 253 within 1 record period. This 
situation was shown in the bottom of drawin g 1 1 . 

[0085] As shown in drawing 1 1 , the printing data which chooses the driving pulse concerned before the timing which 
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generates the target driving pulse is transmitted to the shift register 253. And it is made to synchronize with generating 
of the target pulse, and the latch element 254 is made to transmit and memorize the printing data set to the shift register 
253. After the pressure up of the printing data of the latch element 254 is carried out by the level shifter 255, it is added 
to a piezo-electric element 257 as a driving signal through a switching device 256. 

[0086] H. The 2nd example : explain the 2nd example of this invention below. The whole configuration of the airline 
printer of the 2nd example is the same as that of the 1st example. The point that the 2nd example differs from the 1st 
example is a point which makes adjustable the time difference of the timing of the ink drop regurgitation of the 1st 
pulse, and the initiation timing of the 1st signal of the 2nd pulse according to the environmental temperature of the print 
head 28 for ink jet record. 

[0087] Drawing 21 is the block diagram showing the internal configuration of the printer 22 in the 2nd example. The 
printer 22 of this example is equipped with the timing storage means 192, the timing-control means 191, the temperature 
sensor 194, and A-D converter 193 other than a control circuit 40 and the piezo-electric element drive circuit 50. A 
temperature sensor 194 is a sensor which detects the temperature around a print head 28. This temperature sensor 194 
will have detected environmental temperature as a parameter which the regurgitation of ink was carried out and 
reflected easy. The temperature data measured with this temperature sensor 194 is incorporated by the timing-control 
means 191 through A-D converter 193. With the timing-control means 191, based on the temperature data inputted from 
the temperature sensor 194, the "initiation timing of 1st signal of 2nd pulse" conditions beforehand memorized by the 
timing storage means 192 are read, and this is outputted to the driving signal setting circuit 47 of a control circuit 40. 
The driving signal setting circuit 47 incorporates this condition, determines the initiation timing conditions of the 1st 
signal of the 2nd pulse, and adjusts the timing of the signal which outputs that information to the piezo-electric element 
drive circuit 50 through I/F49. Therefore, it is possible to adjust the timing of the driving signal of the 2nd pulse with 
environmental temperature. In addition, it is also possible to constitute so that only a temperature sensor 194 may be 
formed and timing etc. may be altogether determined by the control circuit 40 side. 

[0088] Drawing 22 is drawing which illustrates a motion of a meniscus when environmental temperature changes with 
15 degrees C, 25 degrees C, and 40 degrees C in the printer which adopted a certain ink, an axis of ordinate shows the 
displacement of a meniscus and a horizontal axis shows time amount. The sign 901 in drawing is the displacement of 
the meniscus in 15 degrees C, and signs 902 and 903 show the displacement of the meniscus in 25 degrees C and 40 
degrees C respectively. 

[0089] That viscosity is ink of the type which changes with temperature, and the ink of this example has the description 
to which viscosity falls, so that temperature becomes high. Since passage resistance increases by the temperature 
dependence of ink viscosity compared with the displacement 902 of the meniscus in 25 degrees C, attenuation of 
meniscus vibration becomes large and both the amplitude by helmholtz resonance of the meniscus just behind the 
above-mentioned ink drop regurgitation and the amplitude by the proper oscillation of a meniscus of the displacement 
901 of the meniscus in 15 degrees C are small. Furthermore, the period of vibration Tm of proper oscillation becomes 
long according to increase of passage resistance. On the contrary, as for the displacement 901 of the meniscus in 40 
degrees C, in order that passage resistance may decrease, attenuation of meniscus vibration becomes small and both the 
amplitude by helmholtz resonance of a meniscus and the amplitude by the proper oscillation of a meniscus become 
large. Furthermore, the period Tm of said proper oscillation becomes short by reduction of passage resistance. 
[0090] Thus, if the time difference of the timing of the ink drop regurgitation of the 1st pulse and the initiation timing of 
the 1st signal of the 2nd pulse is not depended on environment but it is fixed since a meniscus vibrational state changes 
with viscous temperature dependence a lot when the ink used for a printer is ink of the type which changes viscosity a 
lot with temperature, the weight of an ink drop may be greatly different with temperature. It is because the meniscus 
location and meniscus speed in initiation timing of the 1st signal of the 2nd pulse change. 

[0091] so, when such ink was used, it was shown in drawing 22 ~ as - the initiation timing of the 1st signal of the 2nd 
pulse - 15 degrees C - setting - time of day 904 - 25 degrees C ~ setting ~ time of day 905 « 40 degrees C - setting - 
- time of day 906 - ** it considers as adjustable with environmental temperature so that it may say. Consequently, the 
environmental dependency of a meniscus location and meniscus speed can be offset to some extent, and it becomes 
possible to suppress change of the ink drop weight of the 2nd pulse by environmental temperature with an easy 
configuration. In addition, what is necessary is to detect similarly and to just be reflected in the initiation timing of the 
1st signal of the 2nd pulse, if there is another parameter relevant to the ease of carrying out of the regurgitation of ink. 
As such a parameter, various things, such as secular change of the concentration and the atmospheric pressure of ink, 
and the property of a piezo-electric element, can be considered, for example. Although it is desirable to carry out direct 
detection of such a parameter, when it is difficult to carry out direct detection, that shall presume or a user shall set up 
does not interfere, either. For example, it is also possible to presume ink concentration from the weight of the whole ink 
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cartridge immediately after exchange, or to presume secular change of a property by the elapsed time from the 
beginning of using. Moreover, although information, such as atmospheric pressure, may form a sensor in a printer, a 
computer 90 is good [ information ] also as that by which data is transmitted to reception from a predetermined 
measurement period, and it transmits this to a printer 22 through the telephone line, for example. 
[0092] I. - 3rd example: — the 3rd example of this invention is explained below. An airline printer, and the printer and 
its head driving gear of the 3rd example are proportionate to the configuration of said 2nd example. The point that the 
3rd example differs from the 2nd example is a point which makes adjustable the time difference of the timing of the ink 
drop regurgitation of the 1st pulse, and the initiation timing of the 1st signal of the 2nd pulse at a long side as it becomes 
hot environments. 

[0093] Drawing 23 is drawing showing a motion of a meniscus when environmental temperature changes with 15 
degrees C, 25 degrees C, and 40 degrees C in the printer using a certain ink like drawing 22 , an axis of ordinate shows 
the displacement of a meniscus and a horizontal axis shows time amount. 

[0094] it ****(ed) to drawing 23 - as - this example ~ the initiation timing of the 1st signal of the 2nd pulse - 15 
degrees C - setting - time of day 914-25 degrees C setting ~ time of day 915-40 degrees C - setting - time of 
day 916 ~ ** - it becomes hot environments so that it may say — it is alike, and it follows and is considering as 
adjustable at the long side. This this example can also offset the environmental dependency of a meniscus location and 
meniscus speed to some extent, and can suppress change of the ink drop weight of the 2nd pulse by environmental 
temperature with an easy configuration. [ as well as the 2nd example ] Furthermore, in this example, since it is hard to 
receive the effect of Tc vibration of the meniscus just behind the 1st ink drop regurgitation in a long side by considering 
as adjustable in the initiation timing of the 2nd pulse as it becomes hot environments, it doubles and has the advantage 
in which the stable flight condition with little flight deflection is realizable. 

[0095] J. Explain 4th example:, next the 4th example of this invention. Although the 4th example has the same hardware 
configuration as the 1st example, it has the feature at the point of having defined the timing of the regurgitation of the 
2nd ink drop in consideration of the period Tc of HORUMU Hertz resonance. If a motion of the meniscus after 
performing the regurgitation of the small ink drop by the 1st pulse is observed in details as illustrated to drawing 22 and 
23, the vibration of the period Tc it moves and is alike, in addition according from this period Tm to the HORUMU 
Hertz resonance with a quite short period with the big meniscus according to the period Tm of the proper oscillation of a 
meniscus will be seen. Therefore, it can carry out adjustable [ of the weight of the ink drop breathed out according to the 
2nd pulse ] by defining the timing of the regurgitation of the 2nd ink drop in consideration of the period Tc by this 
HORUMU Hertz resonance. 

[0096] For example, drawing 24 shows a motion of the meniscus at the time of using a certain ink in detail, and signs 
that the period Tm by the proper oscillation of a meniscus is overlapped on vibration of the period Tc by helmholtz 
resonance understand it. drawing 2 — the peak of vibration by helmholtz resonance of the beginning after regurgitation 
termination of the ink drop are and according [ a sign 921 ] to the 1st pulse - in the sign 922, a sign 923 shows the 3rd 
peak and the sign 924 shows the 4th peak for the 2nd peak, respectively. Then, it is the integral multiple (1 time, twice, 
3 times.) of this period Tc about the timing of the regurgitation of the ink drop by the 2nd pulse. .. If it considers as) and 
can set, the weight of the ink drop breathed out according to the 2nd pulse can be increased. Moreover, if timing of the 
regurgitation of the ink drop by the 2nd pulse is made into twice (integer +1/2) this period Tc, the weight of the ink drop 
breathed out according to the 2nd pulse can be reduced. 

[0097] Consequently, it becomes possible by taking into consideration the period Tc of helmholtz resonance of a 
meniscus to control the weight of an ink drop finely. As an ink drop becomes the viscosity of ink falls and is easy to be 
breathed out, using this feature It is also possible to perform control referred to as to extend the timing of the 
regurgitation of the 2nd ink drop from the integral multiple of a period Tc to twice (integer +1/2) (or shrunken), to offset 
the part as for which a viscous change becomes is easy to be breathed out, and not to be based on a viscous change, but 
to keep the weight of an ink drop constant. It is also suitable to determine the timing of the 1st signal of the 2nd pulse 
and the timing of the regurgitation of the 2nd ink drop from the first in consideration of both period Tm by the proper 
oscillation of a meniscus and period Tc by helmholtz resonance. In this case, it becomes possible to take the largest 
adjustable range of ink weight to the condition which made ink weight min by making both into the worst conditions 
from the condition which chose both the optimal and made ink weight max. 

[0098] Although some examples of this invention were explained above, this invention is not limited to these examples 
at all, and can be carried out in various modes within limits which do not change the summary of this invention. For 
example, in the above-mentioned example, although flexurally oscillating child type PZT was used for the piezo-electric 
element, it may be PZT of the longitudinal-oscillation transversal effect. However, charge and discharge will 
interchange to flexurally oscillating child type PZT in this case. Moreover, as a pressure generating element, other 
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elements, such as not only a piezo-electric element but magnetostrictor, may be used. 
[Translation done.] 
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* NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the us of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original precisely. 
2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 
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[Drawing 4] 
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[Drawing 24] 
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[Drawing 19] 
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[Drawing 21] 
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[Drawing 23] 
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